Southern galaxies by Shobbrook, Robert Reginald
PHOTOGRAPHIC, SPECTROGRAPHIC 
AMP PHOTOMETRIC STUDIES 
OP
SOUTHERN GALAXIES.
R.R. Shobbrook
1963
A thesis submitted for the Degree of 
Doctor of Philosophy 
in the Australian National University
Canberra
The original work reported in this thesis is that 
of the candidate alone, with the exception of the radio 
observations of NGC 4696. These were obtained by Dr. D.S. 
Mathewson, of the CSIRO Division of Radiophysics, Sydney.
ACKNOWLEDGEMENTS.
It is a great pleasure to thank Professor B.J. Bok and 
Dr. B.E. Westerlund for their advice and encouragement and for their 
critical reading of the manuscript of the thesis. I am indebted to 
Br. 3.C.B. Gascoigne for some stimulating discussions.
The Observatory staff has been most helpful and I wish to 
thank them for their guidance and for the facilities which they 
provided. In particular, I thank the staff photographers, Mr. V. Hunt 
and Mr. K. Heitsma for obtaining some of the intermediate half-plate 
negatives from which the Plates and Figures were obtained.
Br. G. de Vaucouleurs has continually encouraged the work, 
and I am grateful for the advice and information he has provided 
especially on his recent visit to Australia and subsequently.
I would like to register my appreciation to Professor E. 
Holmberg for making available the Uppsala Schmidt telescope and to 
Br. G. Lynga for his help regarding the use of the instrument.
I also thank Dr. D.S. Mathewson for obtaining the radio 
data on the source NGC 4696.
I am particularly grateful to Miss Flora Ogston for her 
careful typing and partial editing of this thesis.
The work has been supported by a Scholarship from the 
Australian National University, Canberra.
CONTENTS.
Page
Introduction 1
Chapter 1 Some Previous Investigations of Bright Galaxies 5
1. The Marly Catalogues 5
2. The Nature of the Nebulae 6
3. Marly Southern Hemisphere Mxtragalactic 8
'Research
4. Photometry of the Brighter Galaxies 10
5* Spectra of Galaxies 14
6. Future Research in the Southern Hemisphere 21
Chapter 2 Photographic Observations 23
Chapter 3 Spectrographic Observations 31
1. Description of the Spectrographs 31
2. Measurement of the Spectra 33
3. Reductions 36
4. Results 40
5. The Stability of the Grus Group 48
Chapter 4 Photoelectric Observations 54
Terminology 54
1. Equipment 55
2. Mt. Bingar Observations 55
3. Photometric Standards 59
4. 50-*in°k Observations 67
Contents - continued.
Chapter 4 -
5» ’’Total" Magnitudes 68
6. Final Integrated Luminosity Curves J8
7. Observational Results 84
8. Magnitudes of the Virgo Cluster Members 102
9. The Tilt Correction for Absorption 107
Chapter 5 The Distances of the dalaxies 109
1. Photometric Determinations 109
2. Distances Determined from the Velocities 121
Chapter 6 Conclusions and Recommendations 124
References 130
INTRODUCTION.
The present work represents an extension of the existing 
photographic, spectrographic and particularly photometric observations 
of the external galaxies visible primarily from the Southern Hemisphere. 
Photoelectric colours and magnitudes have been obtained for 53 galaxies 
through from one to four diaphragms of different sizes. The photometric 
system to which these are reduced is the UBV system of Johnson and Morgan.
To supplement the data, large scale photographs, and also spectra, of 
many of the objects have been obtained.
Much information may be obtained from the magnitudes and 
colours, particularly when we include in our analysis data on other 
galaxies obtained elsewhere. (U-B)/(B-V) diagrams will be presented 
far our objects and in these diagrams the galaxies with peculiar nuclear 
spectra may often be distinguished by their deviations from the positions 
of the '•normal” galaxies. Curves have been prepared to show the variation 
of magnitude per unit area with distance from the nucleus for normal 
ellipticals, lenticulars and spirals. These curves are particularly 
important for the outer regions of the galaxies, because they can be used to 
find the apparent change in diameter of a galaxy as the absorption in the 
Milky Way varies. The curves of the radial variation of magnitude per unit 
area will be derived from the graphs showing the decrease in the value oi 
the integrated magnitude of a galaxy as the measuring aperture increases.
The latter graphs will be employed for the purpose of extrapolating or
2in te r p o la t in g  to  ’’t o t a l "  m agnitudes; th a t  i s ,  to  m agnitudes in te g ra te d  
in s id e  th e  (d e fin ed ) d iam eter o f the  galaxy .
S e le c tio n  o f G a lax ie s .
The two main c r i t e r i a  fo r  th e  s e le c t io n  of th e  o b je c ts  weres 
1. They should  be n e i th e r  too  la rg e  fo r  an ap p rec iab le  amount o f
tt »I
t h e i r  l ig h t  to  be in c lu d ed  in  th e  52.8 and 105*6 diaphragms ( th e  l a r g e s t  
u sab le  on th e  26- in ch  C assegrain  r e f l e c to r  o f th e  Mt. B ingar F ie ld  
S ta tio n  w ith  th e  s tan d a rd  c e l l ) ,  nor too f a in t  to  be measured w ith  a 
reaso n ab le  degree o f p re c is io n  w ith  t h i s  in s tru m en t.
2* The g a la x ie s  should  be in  groups o r c lu s t e r s ,  so th a t  from th e  
t o t a l  m agnitudes to  be determ ined  in  Chapter 4> we s h a l l  be ab le  to  
d e riv e  th e  v a lu ab le  param eter o f d is ta n c e  modulus fo r  th e  g roups.
The o b se rv a tio n s  were s ta r t e d  in  May 1961, a t  th e  tim e o f 
y e a r when th e  Milky Way i s  in  th e  sky fo r  most o f th e  n ig h t ,  and when 
th e re  a re  few f i e ld s  w ith  b r ig h t  g a la x ie s . However, a f a in t  c lu s t e r  a t  
low la t i tu d e  ( in  C entaurus) was a v a ila b le  fo r  th e  whole n ig h t ,  and in  
o rd e r to  make th e  b e s t  use o f th e  observ ing  tim e fo r  the  y e a r ,  two more 
f i e ld s  were chosen -  one 7'ä hours E ast and th e  o th e r  8-jjr hours West o f 
th e  Centaurus c lu s t e r .  This enab led  o b serv a tio n s  to  be con tinued  a l l  
n ig h t and in  a l l  seasons w ith  hour ang les r a r e ly  exceeding fo u r h o u rs , 
and secan t z u su a lly  l e s s  th an  1.4* L a te r , when o b se rv a tio n s  were 
n e a rin g  com pletion in  th e se  re g io n s , a group o f b r ig h t  s p i r a l s  in  G rus, 
and a few g a la x ie s  between R.A. -  7 to  14 hours were in c lu d ed . The
main f i e ld s  a re j
3R.A. Dec.
1. In Dorado 4h. -56°
2. In Centaurus 12h. 46m. -41°
3. In Telescopium 20h. -47? 5
4. In Grus 23h.
001
Photographic and Spectrographic Observations.
Photographs of most of the objects were secured with the 
74-inch reflector and the 20/26-inch Uppsala Schmidt telescope. Their 
use is described in Chapter 2.
From August 1962 onward, spectra were obtained of many of the 
galaxies. At first, the Zeiss prism spectrograph was used on the 
74-inch telescope, with a dispersion of 295 A/mm at HU. However, when 
the new grating Nebular Spectrograph arrived at the end of October 1962, 
the programme was continued with this instrument. The dispersion usually 
employed was 397 A/mm, although a few spectra were obtained at 140 A/mm. 
The Plan of the Thesis.
The three main chapters on photography, spectrography and 
photoelectric photometry are to a large extent interdependent, referring 
as they do to the same objects. The colours of the galaxies depend on 
the morphological type and on the spectral distribution of the light.
In many cases, colour anomalies can be traced to peculiarities in the 
spectra. These peculiarities usually include emission lines in the 
nucleus. For this reason, after a discussion of some of the previous
4work in the field of extragalactic research on bright galaxies, we first 
present the photographic and spectrographic data. Finally, the colours 
and magnitudes and information derived from them may be interpreted 
with reference to the photographs and spectra.
5CHAPTER 1,
SOME PREVIOUS INVESTIGATIONS OF THE NEARBY GALAXIES.
1 • The Early Catalogues*
The first two catalogues of star clusters and nebulae were
j  -j
prepared by the French astronomers Abbe Nicolas Lacaille and Charles 
2Messier • The catalogue of Lacaille was published in 1755> and
contained 52 objects. Messier's catalogue included 103 objects. The
original purpose of the latter investigation was to give the positions
of objects which could conceivably be mistaken for comets; many of the
brighter objects north of Declination -35° are included.
\In 1864> Sir John Herschel published a catalogue of 5^79 
star clusters and nebulae, distributed over the whole sky. This was 
a combination of two previous publications which appeared in 1833 and 
1847. The first of these contained the results of Sir John's own 
discoveries and those of his father, Sir William. The observations 
were made at Sir William's observatory at Slough in England, and 
covered the northern hemisphere. After the completion of this work,
Sir John Herschel continued his observations from the Cape, and the 
catalogue of 1654 contains clusters and nebulae in the southern skies.
The combined catalogue was called the General Catalogue. About 4000 
of the objects are extragalactic.
The General Catalogue was replaced by the New General Catalogue 
(1888)4 and the Index Catalogues (1895 and 1908)"/,~ compiled by Dreyer.
6These contain a total of 13>226 objects, the great majority of which 
are extragalactic. The NGC and IC designations are now used almost 
exclusively; some of the Messier numbers are used occasionally for the 
brighter, well-known objects.
The first comprehensive catalogue to contain fairly accurate
quantitative data on galaxies over the whole sky was that of Shapley 
7and Ames , published in 1932. This includes photographic magnitudes 
and dimensions of 1249 galaxies brighter than magnitude 13» The 
values are rather inaccurate for modern requirements, but the catalogue 
still provides a valuable finding list for the brightest galaxies in 
both hemispheres.
2. The Nature of the hebulae.
In the eighteenth and the early part of the nineteenth 
centuries, galactic and extragalactic nebulae were not recognised as 
being basically different. The nature of the nebulae had been 
speculated upon, by Etamanuel Swedenborg, Thomas Wright and Immanuel 
Kant. Their philosophies later became known as the Theory of Island 
Universes. Another 150 years were to pass before observational evidence 
for this theory became available.
Many of the hazy patches of light had been resolved into 
stars by the small telescopes of the time, and it was generally 
believed that all such patches would eventually be resolved as larger 
instruments became available. Later in his life, Sir William Herschel, 
after observations with his 48-inch speculum mirror, came to the
7c o n c lu s io n  th a t  some o f  th e  n eb u lae  v/ere n o t r e s o lv a b le ,  b u t w ere 
composed o f  a "m ilky" f l u i d .  T h is  th e o ry  was soon r e je c te d  when th e  
g r e a t  6 fo o t  m ir ro r  o f th e  E a r l  o f Rosse began to  re s o lv e  more and more 
o f  th e  n e b u la e . The r e s o lu t io n  o f  even th e  O rion n eb u la  was c la im ed  
by G .P. Bond, w ith  th e  1 5 -in ch  H arvard  r e f r a c t o r .
g
The s p e c tro s c o p ic  o b se rv a tio n s  o f S ir  W illiam  Huggins f i r s t  
p ro v id e d  d e f i n i t e  ev id en ce  f o r  th e  e x is te n c e  o f i r r e s o lv a b le  n e b u la e .
I n  1864 he observ ed  em issio n  l i n e s  in  th e  spectrum  o f th e  O rion n e b u la , 
p ro v in g  th a t  much o f th e  l i g h t  in  t h i s  re g io n  i s  e m itte d  by a low 
p re s s u re  g a s .
The s p i r a l  n a tu re  o f some o f  th e  o th e r  n eb u lae  had been  
o b se rv ed  v i s u a l ly  by Lord R osse , who re s o lv e d  th e  s p i r a l  shape o f  th e  
arms o f  M51 and o th e r  g a la x ie s  w ith  th e  6 fo o t  speculum . The a p p l ic a t io n  
o f  th e  newly d is c o v e re d  p h o to g ra p h ic  p ro c e ss  to  a s tro n o m ic a l o b s e rv a tio n s  
in  th e  m iddle o f  th e  l a s t  c e n tu ry  showed t h a t  many o f  th e  n eb u lae  had 
t h i s  g e n e ra l ap p ea ran ce . The Andromeda n eb u la  was f i r s t  o b served  to  be 
a s p i r a l  when I s a a c  R o b e r ts , in  1887, o b ta in e d  a p ho tog raph  o f i t  w ith  
a 2 0 -in ch  Grubb r e f l e c t o r .
A c l e a r  d i s t i n c t i o n  betw een th e  g a l a c t i c  and e x t r a g a la c t i c
n eb u lae  was made by H ubble^, in  1922. The term  " n o n -g a la c t ic "  was u sed
a t  th e  tim e fo r  th e  l a t t e r  o b je c t s ,  w hich in c lu d e d  g lo b u la r ,  s p i r a l  and
10i r r e g u l a r  ty p e s .  In  1926, H u b b le 's  c l a s s i f i c a t i o n  system , w hich was 
l a t e r  d e s c r ib e d  by th e  w ell-know n " tu n in g - fo rk "  d iag ram , ap p ea red . By 
t h i s  tim e d is ta n c e s  o f  some o f  th e s e  n eb u lae  had been  d e te rm in ed , and
8they  were th en  c a l le d  " e x t r a g a la c t ic ” . The d is ta n c e s ,  to g e th e r  w ith  the
11r a d ia l  v e lo c i t i e s  o f 24 o f th e  o b je c ts ,  p u b lish ed  in  1929 , p rov ided
th e  f i r s t  v a lu e  o f the  co n stan t now designa/ted WHH, a f t e r  Hubble; 
th i s  was 550 km/sec/Mpc.
3* E arly  Southern  Hemisphere E x tra g a la c t ic  R esearch .
An ex ten s iv e  survey o f th e  s ta t e  o f so u th ern  hem isphere
e x tr a g a la c t ic  re se a rc h  up to  1956 w i l l  be found in  th e  paper e n t i t l e d
12’’E x tra g a la c t ic  S tu d ies  in  th e  Southern  Hemisphere” by de V aucouleurs . 
The fo llo w in g  i s  a review  o f th e  more im portan t v/ork on th e  b r ig h te r  
g a la x ie s .
The f i r s t  comprehensive s e t  o f d e s c r ip t io n s  and photographs
o f  many so u thern  g a la x ie s  was o b ta in ed  between 1908 and 1935 w ith  th e
30-inch  r e f l e c to r  o f th e  Helwan O bservato ry , These were p u b lish ed  by
H, Knox-Shaw^, C.C.L. G re g o ry ^ , and M.R, M adw ar^. However, th e
d e sc r ip tio n s  were only a l i t t l e  more ex ten s iv e  th an  those  in  th e  NGC
and few o f th e  photographs were p u b lish ed .
Some o f th e  la rg e r  g a la x ie s  in  th e  so u thern  sky were d e sc r ib e d ,
16and photographs reproduced, by Shapley and Paraskevopoulous •
U n fo rtu n a te ly , a lthough  th e  photographs were o b ta in ed  w ith  th e  6 0 -inch
Boyden r e f l e c to r  ( in  th e  1930’s) the  rep ro d u c tio n s  a re  on a sm all s c a le ,
and l i t t l e  d e t a i l  i s  p e rc e p t ib le .
As a re v is io n  o f th e  Shapley-Ames ca ta lo g u e  fo r  g a la x ie s  
0 17south o f Dec, ■ -35 » de V aucouleurs , in  1956, pu b lish ed  c l a s s i f i c a t i o n  
and dim ension d a ta  fo r  a l l  bu t a sco re  o f th e  Shapley-Ames o b je c ts ,
9together with similar data for many fainter NGC, IC and other galaxies.
This paper will he referred to as "Mem. No. 13" in the subsequent
frequent references to the data contained in it. The many photographs
reproduced were obtained with the 30-inch Mt. Stromlo Reynolds reflector.
Other modern work on southern galaxies has been published, and
18is being continued, by Evans, Sersic and de Vaucouleurs. Evans , and
19Sersic have constructed isophotes for several of the brighter
ellipticals and spirals. The de Vaucouleurs, working on plate material
secured at Mt. Stromlo and with the 60-inch Boyden and 74-inch Pretoria
reflectors, have reclassified and determined dimensions and isophotes
for many galaxies 9 • The Cape Observatory has produced a very fine
atlas of some of the large galaxies, and is continuing this programme.
23A catalogue resembling the Hubble Atlas of Galaxies , of the brightest 
or most interesting galaxies visible only from the south would be a 
valuable reference work.
Sersic and de Vaucouleurs are determining integrated magnitudes 
from the isophotometry of many galaxies. This will undoubtedly provide 
important and accurate data. For the larger objects the method of 
integrating isophotes is the only practicable method for obtaining 
total magnitudes. Photoelectric observations of this quantity require 
the use of large diaphragms with wide—field photometers, and the 
corrections for field stars, particularly at low latitudes, are difficult 
to apply with precision.
10
4* Photometry of the Brighter Galaxies.
Magnitudes and colours of galaxies have been determined by 
many observers during the past 30 years, most methods employing the 
photographic plate. The magnitudes in the Shapley-Ames catalogue were 
determined by direct visual comparison of in-focus images of stars in 
the Selected Areas with galaxies on the same plates. Small scale 
photographs were used, such that the images of the galaxies were little 
different from the stellar images. Holmberg2^ ’^  for his catalogue of 
the colours and magnitudes of galaxies, employed as standards out-of­
focus images of stars of the North Polar Sequence, These stars were used 
to determine the characteristic curve of the plate, and the total 
magnitude well determined by the integration of the luminosity profiles 
across the images. This is the most accurate photographic method, although 
the reductions are cumbersome.
Another photographic method capable of fairly high accuracy
26is the Fabry method employed by Bigay , The Fabry lens images the 
objective of the telescope on the plate so that the stars and smaller 
galaxies appear as circles of uniform size. The magnitude is thus 
measured by the density of the image.
A method related to the Fabry method is that described by
Sandage in the catalogue of redshifts and magnitudes by Humason, Mayall 
27and Sandage . A schraffierkassette or "jiggle” camera moves the 
photographic plate so that the images of small galaxies and stars 
appear as small squares of uniform size. The magnitude is again measured
11
by the density of the images.
The photoelectric method is the most accurate and straight­
forward one for obtaining magnitudes and colours of galaxies. However, 
in order to secure total magnitudes directly for most of the larger 
and brighter galaxies, impossibly large diaphragms are required on any 
but the smallest telescopes. For these objects, measurements have to 
be obtained at a fraction of the size of the galaxy, and extrapolation 
methods must be employed to derive total magnitudes. Photoelectric 
colours and magnitudes on the International System have been obtained
by Whitford20, Stebbins and Whitford2^*^ and Pettit^ through several
27diaphragm sizes. These results were used by Sandage for the derivation
of magnitudes for 576 galaxies to a limiting isophote of 25«1 magnitudes
per square second of arc. The method of extrapolating the partial
magnitudes to total magnitudes is essentially the same as that
described in Chapter 4* However, the change of magnitude with aperture
was calculated from the radial intensity variation of the EO galaxy
32NGC 3379> measured by Dennison , and the result applied to all galaxies. 
The more elaborate method described in this thesis appears to be of a 
higher accuracy. The mean deviation of the points from the relation 
between the total magnitudes determined in Chapter 4 and the
•j*magnitudes of Holmberg is -0.11 mag. Sandage states that the agreement 
between separate determinations of the integrated magnitude from two 
or more diaphragm measures of Pettit was “often....... within -0.1 mag.“.
The average error is probably rather larger than this.
12
33De V aucou leu rs  has d e te rm in e d  th e  m agnitudes o f  some o f th e
b r ig h t  n o r th e rn  g a la x ie s  u s in g  a s im i la r  e x t r a p o la t io n  p ro c e d u re .
Em ploying fo rm ulae  found to  e x p re s s  th e  r a d i a l  i n t e n s i t y  d i s t r i b u t i o n
a c ro s s  e l l i p t i c a l s ,  cu rv es  were com puted to  show th e  v a r i a t io n  o f
in t e g r a te d  m agnitude w ith  a p e r tu r e .  T o ta l m agn itudes were th e n  c a lc u la te d
f o r  100 b r ig h t  g a la x ie s  f o r  w hich m agn itudes had been  p u b lish e d  in  12
l i s t s  betw een 1930 and 1952* We a re  a b le  to  compare th e  m agnitudes o f
2560 o f th e se  g a la x ie s  w ith  th e  v a lu e s  p u b lish e d  by Holmberg • The
mean v a lu e  o f  (m(Hol) -  m (deV )), and th e  mean d e v ia t io n  from t h i s  v a lu e
i s  +0.18 -0 .1 2  f o r  de V auco u leu rs1 "p rim ary "  s ta n d a rd s  and +0.16 -0 .2 3
f o r  th e  "seco n d ary "  s ta n d a rd s .  T h is  f u r t h e r  in d i c a te s  th a t  th e
e x t r a p o la t io n  m ethod i s  capab le  o f  s a t i s f a c t o r i l y  h ig h  accu racy  and
t h a t ,  g iv en  a u n ifo rm  d iam ete r sy stem , m easurem ents o f  on ly  p a r t  o f  th e
l i g h t  o f th e  g a la x ie s  w i l l ,  a f t e r  th e  a p p l ic a t io n  o f th e  a p p ro p r ia te
c o r r e c t io n s ,  p ro v id e  a c c u ra te  t o t a l  m a g n itu d es .
More r e c e n t ly ,  s e v e ra l  o th e r  l i s t s  o f  p h o to e le c t r ic  m easures
o f  th e  c o lo u rs  and m agnitudes o f g a la x ie s  in  th e  n o r th e rn  hem isphere
have been  p u b lis h e d .  T i f f t 34 o b se rv ed  57 g a la x ie s  th ro u g h  s e v e ra l
35diaphragm s in  from  4 bo 8 s p e c t r a l  r e g io n s .  De V aucouleurs and 
H .L . Johnson“*0 have p u b lish e d  s im i la r  d a ta  on th e  UBV system  o f Johnson  
and M o rg a n ^ • De V aucou leu rs“* h as  com bined th e s e  l i s t s ,  c o n v e r t in g  
T i f f t 1s m agn itudes and c o lo u rs  to  th e  UBV system . T h is  has r e s u l t e d  in  
a l i s t  o f  148 m a in ly  n o r th e rn  g a la x ie s  m easured th ro u g h  an average o f 
two diaphragm s p e r  g a lax y ; fo u r  o r f iv e  o r  more m easures a re  g iv en  f o r
13
a la r g e  p ro p o r tio n  o f  them.
The most r e c e n t  paper on th e  UBV pho tom etry  o f g a la x ie s  i s  
39th a t  o f  Hodge , who in c lu d e s  m ain ly  e a r ly  ty p e  o b je c t s .  Comparisons 
betw een th e  p h o to m e tr ic  d a ta  p re s e n te d  in  t h i s  t h e s i s  and th a t  o f  de 
V aucou leu rs and Hodge a re  made in  C hapter 4»
The f i r s t  m u ltic o lo u r  p h o to e le c t r ic  pho tom etry  o f  g a la x ie s
was t h a t  o f S te b b in s  and W hitfo rd^C, p u b lish e d  in  1948» They m easured
8 b r ig h t  g a la x ie s  in  6 c o lo u rs  from 3530 A to  10,300 A. More r e c e n t ly ,  
41 .42Baum 7 has em ployed up to  11 c o lo u rs  f o r  th e  d e te rm in a tio n  o f 
i n t e n s i t y  d i s t r i b u t i o n  in  th e  s p e c tr a  o f  e l l i p t i c a l  g a la x ie s .  The 
te c h n iq u e  can be ex ten d ed  to  th e  measurem ent o f  r e d s h i f t s  o f  f a i n t  
g a la x ie s  beyond th e  re a c h  o f th e  s p e c tro g ra p h . When th e  s p e c t r a l  
i n t e n s i t y  d i s t r i b u t i o n  o f a f a i n t  e l l i p t i c a l  g a lax y  i s  p lo t t e d  a lo n g s id e  
t h a t  o f a b r ig h t  n earb y  e l l i p t i c a l ,  th e  s h i f t  in  w aveleng th  o f th e  
d i s t r i b u t i o n  i s  a m easure o f th e  r e d s h i f t ,  and th e  m agnitude p ro v id e s  a 
m easure o f  th e  d i s ta n c e .  The method was s t r i k i n g l y  dem o n stra ted  when 
Baum o b ta in e d  a r e d s h i f t  o f  two e l l i p t i c a l s  in  th e  same c l u s t e r  as th e  
ra d io  so u rce  3C295« He o b ta in e d  a v a lu e  o f  0 .4 4  o f th e  v e lo c i ty  o f 
l i g h t ,  ( c ) .  M in k o w sk i^ , from a spectrum  o f th e  g a lax y  id e n t i f i e d  w ith  
th e  ra d io  so u rc e , o b ta in e d  th e  v a lu e  0 .4 6 c . T h is  pow erfu l method o f 
d e r iv in g  r e d s h i f t s ,  h av in g  been proved  by t h i s  exam ple, in  e f f e c t  
ex tends th e  scope o f  th e  200 -inch  te le s c o p e  2 m agn itudes o r  more 
beyond what c o u ld  be accom plished  w ith  a c o n v e n tio n a l sp e c tro g ra p h .
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5* Spectra of Galaxies«
(a) Radial Velocities.
'SteSfeiaKst fibdshifts of extragalactic nebulae were published
in 1929 and 1931 by H u m a s o n ^ , Hubble^ and Hubble and Humason1 .
Humason^ published an additional list of 100 redshifts in 1936. Between
that time and 1955? the extensive joint programme of the Mt. Wilson and
Palomar and Lick Observatories was undertaken and the radial velocities
27of 920 galaxies were published by Humason, Mayall and Sandage in 1956*
,|Q
This list has recently been extended by Mayall and A. de Vaucouleurs , 
with 53 additional values.
This large collection of data has been used in many investigations. 
Smith^, in 1936 had already determined a mass of the Virgo cluster from 
the velocities of 32 members available at the time. He concluded that 
the Virgo cluster contained considerably more mass than was visible in 
the galaxies, and suggested that there was some invisible matter between 
the galaxies.
Using the Humason, Mayall and bandage velocities, the virial
50theorem has been applied to several clusters. Ambartsumian suggested 
that the results indicate that the Virgo and Coma cluster are unstable.
51Similar conclusions have been reached by the Burbidges and de 
52Vaucouleurs regarding the Hercules and Sculptor clusters. If this
interpretation of the virial theorem results is correct, the lifetimes
9of the clusters are of the order of 10 years.
53Zwicky is of the opinion that the clusters contain large
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q u a n t i t i e s  o f i n t e r g a l a c t i c  m a t te r .  S e v e ra l k in d s  o f  ev idence  a re  
c la im ed  to  s u b s ta n t i a te  t h i s :
1. There i s  a s ig n i f i c a n t  la c k  o f  f a i n t  c l u s t e r s  o f g a la x ie s  
b e h in d  s e v e ra l  o f  th e  la r g e r  nearb y  c l u s t e r s .
2. The p resen ce  o f i n t e r g a l a c t i c  ’'b ridges '*  shows th a t  some m a tte r  
does l i e  betw een th e  g a la x ie s .
3. A lthough th e  r e l a t i v e  number o f  f a i n t  c l u s t e r s  found on th e  
18 and 1 8 -in c h  Palom ar Schmidt te le s c o p e s  i s  as  ex p ec ted  fo r  th e  
d i f f e r e n c e  in  a p e r tu r e ,  v e ry  few e x t r a  c l u s t e r s  a re  v i s i b l e  on 2 0 0 -inch  
p l a t e s .  T h is i s  ta k e n  to  mean t h a t  th e  a b s o rp tio n  has reach ed  a v a lu e  
s u f f i c i e n t  to  p re v e n t t h e i r  re c o rd in g  on th e  p l a t e s .
Some ra d io  o b se rv a tio n s  have been  made w ith  th e  o b je c t o f
b4d e te c t in g  in t e r g a l a c t i c  n e u t r a l  hydrogen . Heeschen" c la im ed  p o s i t iv e  
r e s u l t s  in  1956 in  th e  se a rc h  f o r  21 cm. em issio n  from th e  Coma c l u s t e r .
Mok-ufc?. ,
However, , u s in g  more pow erfu l equipm ent co u ld  n o t confirm  t h i s .
At p r e s e n t ,  a programme i s  b e in g  u n d e rta k en  w ith  th e  210 f t .  p a ra b o lo id  
a t  P a rk e s , A u s t r a l i a ,  u s in g  a 21 cm. l i n e  p a ra m e tr ic  r e c e iv e r ,  v /ith  th e  
o b je c t  o f s e a rc h in g  fo r  H I  a b s o rp tio n  in  d i s t a n t  s o u rc e s . The f i r s t  
r e s u l t s  o f t h i s  in v e s t ig a t io n  in d ic a te  th e  p re se n c e  o f some n e u t r a l  
hydrogen a b s o rp tio n  in  th e  V irgo c l u s t e r .  R obinson , van Damme and 
K o eh le r-^  have m easured a b s o rp tio n  in  th e  so u rce  V irgo A (M87) 
in d ic a t in g  an o p a c ity  o f 0 .5 ‘/o. I f  M87 i s  n e a r  th e  c e n tre  o f th e  c l u s t e r ,  
and th e  a b s o rp tio n  i s  d i s t r i b u t e d  th ro u g h o u t th e  c l u s t e r ,  th e n  th e  t o t a l  
mass o f  n e u t r a l  hydrogen i s  l e s s  th a n  1 0 ^ k Q, o r o n ly  10^  o f  th e  mass
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of the galaxies.
The report on the investigation using the redshift catalogue 
has so far led us to the important problem of the existence of inter- 
galactic matter. However, a different interpretation of the large 
velocity dispersions of the galaxies in clusters was proposed by
their redshifts, he obtained a relation showing that the fainter objects 
have the highest velocities. This is interpreted as evidence for a 
systematic error in the velocities measured at the Mt. Wilson, Mt.
Palomar and Lick Observatories. Holmberg stresses that it is important 
that the relation should be found using the parameter of plate density 
instead of nuclear magnitude, since it is probably largely an exposure, 
rather than a magnitude effect. Some evidence was found for this from 
a comparison of the velocities from two or more plates of the same objects, 
having different exposures.
Vehement criticism followed the presentation of Holmberg* s
paper. Systematic errors had already been searched for by the observers,
59and no evidence for them was found. It was pointed out by Minkowski 
that it was not likely that observers would underexpose faint galaxies, 
but that the exposure would be adjusted according to the brightness of 
the galaxy.
58
’ • From a plot of the nuclear magnitudes of galaxies against
De Vaucouleurs60 has published an independent investigation
of the Humason and Mayall velocities. He finds no evidence of the large 
systematic error found by Holmberg(amounting to 500 - 600 km/sec in
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some cases). Comparisons were made of the velocities of the same 
galaxies measured at different observatories, and de Vaucouleurs 
concludes that no systematic errors greater than ^50 km/sec are present.
It appears that the errors found by Holmberg are too large.
The reason is not immediately evident, although it is possible that the 
nuclear magnitudes assumed for the different types of galaxies are not 
truly representative of the relative amounts of light passing through 
the slit of the spectrograph. A more valid treatment would have to take 
into account the different angular extents of the nuclei and the 
angular size of the slit on different spectrographs. De Vaucouleurs* 
suggestion is that the results are due to a selection effect, such that 
galaxies of higher than average surface brightness (and therefore 
statistically more distant) were selected for observation in the Virgo 
cluster, especially the later type spirals. It does seem unlikely that 
the errors in measuring the positions of lines on a spectrum could 
reach 8 A (230 microns at 350 A/mm).
hi* 60 • 6 1The explanation given by^ de Vaucouleurs 7 for the observed
increase of velocities from the E galaxies to the spirals in the Virgo
cluster is that there is an actual difference in distance between the
types, as mentioned above. The difference in distance modulus suggested
is about 1 magnitude. In principle, this difference should be detectable
photometrically, perhaps from the magnitudes of the globular clusters,
6 2although as Sandage has pointed out , there is evidence that the 
brightest globular clusters vary in absolute magnitude from galaxy to galaxy.
18
The Humason, M ayall and Sandage r e d s h i f t  c a ta lo g u e  has a ls o  
been  u sed  by de V aucou leu rs  f o r  an in v e s t ig a t io n  o f  what he term s th e  
L o ca l S u p e rc lu s te r  o f  g a la x ie s .  T h is  in c lu d e s  th e  L ocal G roup, th e  V irgo 
c l u s t e r  (su p p o sed  to  be th e  n u c leu s  o f th e  b u p e rc lu s te r )  and most o f  th e  
Shapley-Ames o b je c t s .  S ince  th e  s iz e  o f th e  L ocal S u p e rc lu s te r  i s  s t a t e d  
to  be about 30 M pc., we see t h a t  i t  i s  o f th e  same o rd e r  o f s iz e  as th e
. 64c l u s t e r s  in  th e  c a ta lo g u e  o f Zwicky, H er/zog  and W ild ; . De V aucou leu rs 
f in d s  ev id en ce  f o r  a g e n e ra l r o t a t i o n  o f th e  system  about th e  V irgo 
c l u s t e r ,  and r e l a t i o n s  a re  p lo t t e d  g iv in g  th e  r a d i a l  v e l o c i t i e s  to  be 
e x p e c te d  a t  d i f f e r e n t  MS u p e rg a la c tic  lo n g i tu d e s ” , L, and th e  d i f f e r e n t  
d i s ta n c e s .  D is ta n c e s  and v e l o c i t i e s  f o r  some o f th e  so u th e rn  g roups and 
c l u s t e r s  w i l l  be u s e f u l  as  a check on t h i s  dynam ical m odel.
(b ) R o ta tio n  o f  G a la x ie s .
The f i r s t  o b s e rv a tio n  o f  th e  r o t a t i o n  o f a g a lax y  (lIGC 4594)
65was made by S l ip h e r  in  1914» The s p e c t r a l  l i n e s  in  t h i s  and o th e r
g a la x ie s  were n o t ic e a b ly  in c l in e d  when th e  s l i t  was p la c e d  a lo n g  t h e i r
66m ajor a x e s . P ease  m easured th e  r o t a t i o n  o f th e  n u c leu s  o f M31 in  
6 V1918. Babcock'" ex ten d ed  th e  r o t a t i o n  curve o f t h i s  o b je c t  ou t to  100' 
a rc  from th e  n u c le u s  by m easu ring  th e  r a d i a l  v e l o c i t i e s  o f H I I  r e g io n s  
in  th e  arm s, u s in g  th e  36- in c h  C ro ss ley  r e f l e c t o r  o f  th e  L ick
O b se rv a to ry .
11 6 «
Opik.' , in  1922, su g g e s te d  th a t  such r o t a t i o n  m easures co u ld  
be u sed  to  d e te rm in e  th e  m asses o f th e  g a la x ie s  i n t e r n a l  to  th e  p o in t  
o u t to  w hich th e  v e l o c i t i e s  were m easured . R e c e n tly , in  numerous p a p e rs
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in  th e  A s tro p h y s ic a l  J o u rn a l s in c e  1959j th e  B urb idges and P re n d e rg a s t 
have m easured r o t a t i o n s  and com puted m asses o f  g a la x ie s  u s in g  lo n g  
sp e c tro g ra p h  s l i t s  ( to  290” a rc )  on th e  82- in c h  McDonald r e f l e c t o r .
T h is  work i s  p ro v id in g  v a lu a b le  d a ta  on th e  m asses and m a ss /lu m in o s ity  
r a t i o s  o f d i f f e r e n t  ty p e s  o f  g a la x ie s .  I t  has been p a r t i c u l a r l y  u s e fu l  
in  p ro v in g  t h a t  th e  m asses o f  g a la x ie s  a re  one to  two o rd e rs  o f 
m agnitude l e s s  th a n  th a t  p r e d ic te d  by th e  v i r i a l  theorem  s tu d ie s  o f  th e  
v e lo c i ty  d is p e r s io n  in  c l u s t e r s  o f g a la x ie s ,  d is c u s s e d  in  th e  l a s t  
s e c t io n .
A pow erfu l new to o l  -  th e  e l e c t r o n i c  cam era -  has been  a p p lie d
to  th e  r o t a t i o n  s tu d ie s  o f th e  n u c le i  o f g a la x ie s .  In  o rd e r  to  o b ta in
s u f f i c i e n t  s c a le  on th e  spectrum  p la te  to  f in d  v e lo c i ty  d i f f e r e n c e s  in
n e ig h b o u rin g  re g io n s  in  a g a lax y  s e p a ra te d  by o n ly  1" o r 2M a r c ,  th e
coude fo cu s  o f  th e  L ick  120-in c h  r e f l e c t o r  was u se d . L allem and,
Duschesne and W alker^0 o b ta in e d  a 65 A/mm d is p e r s io n  spec tro g ram  o f  th e
71n u c le a r  r e g io n s  o f  M31, and W alker , em ploying th e  same equ ipm en t, 
a p p l ie d  th e  te c h n iq u e  to  th e  r o t a t i o n  o f  th e  n u c le u s  o f M32. E v id e n tly ,  
w ith  th e  f u r t h e r  developm ent o f th e  e l e c t r o n i c  cam era, th e  m ethod cou ld  
be u sed  on a number o f  th e  n earb y  g a la x ie s ,  a lth o u g h  o f c o u rs e , th e  
r e s o lu t io n  in  l i n e a r  d is ta n c e  in  th e  g a lax y  w i l l  d e c re a se  w ith  th e  
d is ta n c e  o f  th e  g a la x y .
(c )  S p e c t r a l  C la s s i f i c a t i o n  o f  G a la x ie s .
The f i r s t  a t te m p ts  a t  c l a s s i f y i n g  th e  com posite s p e c t r a  o f 
a number o f  g a la x ie s  was made by Humason^' ’ ; . A com parison was made
69
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with the spectrum of M31, which had been previously determined by 
Adams, Joy and Humason as of type dG3* The Humason, Mayall and Sandage 
catalogue notes that since the spectra refer to many different parts 
of the galaxies, and because of the composite nature of the spectra, 
no spectral types were tabulated.
A classification system has been developed by Morgan and 
72 73 74Mayall , and Morgan 9 • The spectral range chosen is that from
3850 A to 4100 A, and the type refers to the nuclear region when 
present, or to the whole system when there is no nucleus. The spectral 
types vary from A to K in the violet region, although when it is 
determined from the region near HS, the type is often more than one 
spectral division later. This trend continues to the longer 
wavelengths, and clearly demonstrates the existence of a range of 
different types of stars contributing to the light. From spectra of 
M31 from the violet to the infrared, Morgan and Mayall were able to 
construct a hypothetical H/R diagram for the principle contributors to 
the light of the nucleus, which are probably G dwarfs and KM giant 
stars.
75The de Vaucouleurs  ^have obtained a spectrum of a region 
in the centre of the bar of the Large Magellanic Cloud. The exposure 
was of 15 hours over 3 nights with the 290 A/mm dispersion of the Zeiss 
spectrograph at the Newtonian focus of the 74-inch telescope on Mt. 
Stromlo. There is a rapid variation of spectral type from early B in 
the region 3700 - 3800 A to late G near H^. The conclusion from this
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work i s  t h a t  in  th e  r e g io n  s tu d ie d  th e re  i s  a la rg e  ex cess  o f  OB and 
KM g ia n t s  and s u p e rg ia n ts  and a d e f ic ie n c y  o f th e  in te rm e d ia te  s p e c t r a l  
ty p e s ,  com pared to  th e  p o p u la tio n  in  th e  s o la r  neighbourhood . T h is 
s i t u a t i o n  was a ls o  i l l u s t r a t e d  by a h y p o th e t ic a l  H/R diagram  in  w hich 
th e  u p p er p a r t s  a re  h e a v i ly  p o p u la te d , b u t th e  low er end o f th e  main 
sequence t h i n l y  p o p u la te d .
The s p e c t r a l  ty p e s  show a pronounced c o r r e l a t i o n  w ith  th e  
s t r u c t u r a l  ty p e s  o f  th e  g a l a x ie s 5 th e r e  i s  a t r e n d  to  e a r l i e r  s p e c t r a l  
ty p e s  as  th e  s t r u c t u r e  changes from e l l i p t i c a l  to  s p i r a l  and 
i r r e g u l a r .
T h is  c l a s s i f i c a t i o n  system  w i l l  g iv e  a more a c c u ra te  in d ic a t io n  
o f th e  p o p u la tio n s  o f  g a la x ie s  th a n  w i l l  th e  method o f  pho tom etry , 
a lth o u g h  i d e a l l y ,  s p e c t r a  sh o u ld  be o b ta in e d  over a l a r g e r  re g io n  o f  
th e  spectrum  th a n  t h a t  co v ered  by a b lu e  s e n s i t i v e  p l a t e .  T h is  r e g io n  
t e l l s  u s l e s s  abou t th e  l a t e r  p o p u la tio n  th a n  th e  re d  and in f r a r e d ,  
and i t  a p p e a rs  t h a t  th e  n u c le i  o f  th e  g a la x ie s  a re  dom inated m ain ly  by 
th e  medium and l a t e  ty p e  g ia n ts  and d w arfs , ex cep t in  th e  more open 
s p i r a l s  and i r r e g u l a r s .
6 . F u tu re  R esearch  in  th e  S ou th ern  H em isphere.
I t  i s  a p p a re n t from  th e  above d is c u s s io n  th a t  d a ta  on th e  
so u th e rn  g a la x ie s  in  a l l  th e  o b s e rv a t io n a l  f i e l d s  a re  s a d ly  la c k in g .
The ap p ea ran ce  o f  m ost o f  th e  b r ig h t e r  g a la x ie s  i s  known from p u b lish e d  
p h o to g ra p h s , b u t a c c u ra te  m agn itudes ( a p a r t  from th e  Shapley-Ames 
v a lu e s )  have h i t h e r to  been  a v a i la b le  f o r  on ly  a few o f them . Only
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about a dozen radial velocities have been determined from the 
Southern Hemisphere, 10 of them being the work of G. and A. de 
V auco ul eur s ^ .
With the continuing researches of, in particular; the 
de Vaucouleurs, Sersic and Evans, we may look forward to a steady 
closing of the gap between the observations on the southern and 
northern galaxies.
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CHAPTER 2.
PHOTOGRAPHIC OBSERVATIONS,
P la te s  1 to  8 a re  from p la te s  taken  on th e  20 /2 6 -in ch  F /3 .5  
Uppsala Schmidt te le sc o p e  and th e  74-inch  p /5  Mt. Stromlo p a ra b o lo id .
Only NGC 1533 (P la te  6) i s  from a p la te  taken  w ith  the  30-in ch  F /4  
Reynolds r e f l e c t o r .  The d a ta  fo r  the  P la te s  i s  g iven  in  Table 1.
The photographs were o r ig in a l ly  o b ta in ed  fo r  s e v e ra l pu rposes. 
P r in ts  from th e  Schmidt p la te s  were v a lu ab le  f o r  use as f in d in g  c h a r ts  
fo r  th e  p h o to e le c tr ic  and sp ec tro g rap h ic  o b se rv a tio n s , the  f a i n t  l im it in g  
m agnitude o f about 19.0 b e in g  e x c e lle n t fo r  th e  s e le c t io n  o f ,,skyM 
f i e ld s  fo r  each diaphragm to  be used  in  th e  p h o to e le c tr ic  photom etry .
The 7 4 -inch  photographs p rov ided  f in d in g  c h a r ts  bu t a ls o ,  because of 
t h e i r  la rg e  s c a le ,  th e  s t r u c tu r e  of the  g a la x ie s  shows up more c le a r ly  
th an  on the  Schmidt p la t e s .  I t  i s  th u s  p o s s ib le  to  see e x a c tly  which 
p a r ts  o f the  g a la x ie s  a re  in c lu d ed  in  th e  diaphragm s. As may be seen 
from Table 1, f u l l  exposures were not always g iv en , so th a t  d e t a i l s  in  
th e  main bod ies o f th e  g a la x ie s  a re  v i s ib l e .
The in d iv id u a l  g a la x ie s  a re  d e sc rib ed  where n ecessa ry  in  the  
te x t  o f Chapter 3 and 4* The c la s s i f i c a t io n  system used h ere  i s  a 
s im p lif ie d  form of th a t  o f de Vaucouleurs whose a cc u ra te  c l a s s i f i c a t i o n  
fo r  most o f th e  o b je c ts  in  t h i s  programme w il l  be found in  th e  re c e n t 
p u b lic a tio n  "R evised C la s s i f ic a t io n  o f 1500 B rig h t G a l a x i e s " T h e
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galaxies NGC 1533, 1566, 1574, 1617, 2422-3, 3256, 6893, 7418, 7421, 
7424, 15267, 7496, 7531, 7552, 7582, 7590 and 7599 are also described 
by de Vaucouleurs in references 17, 20 and 77, where 30-*inch and
74-inch photographs are reproduced.
TABLE 1.
which Plates 1 to 8 are taken.
Plate NGC Telescope Emulsion Filter Exposure
1 1549-53 74 103a0 GG13 35 min
1566 74 103a0 GG13 45 rain
1617 74 103a0 GG13 45 rain
2 7418 74 103a0 GG13 60 min
15273 74 103a0 GG13 60 min
7421 74 103a0 GG13 60 min
7496 74 103a0 GG13 25 min
3 7582-90-99 74 103a0 GG13 15 min
7582-90-99 74 103a0 GG13 15 min
plus 74 103aD (+ve) 0Y4 20 min
4 7424 74 IlaO (Bkd.) GG13 90 min
7410 74 103a0 GG13 35 rain
15273 etc. U/S. 103aD - 30 min
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Table 1 - continued.
Plate NGC Telescope Emulsion Filter Exposure
5 6868-70 74 103a0 GG13 45 min
6861-61-D 74 103aD GG13 45 min
6875 74 103a0 GG13 45 min
" (inset) 74 103aD 0Y4 7 min
15267 74 103a0 GG13 45 min
" (inset) 74 103a0 GG13 45 min
6 1559 U/S IlaO (Bkd.) GG13 30 min
1533 30 103a0 GG13 60 min
1553 74 103a0 GG13 35 min
4696 74 103a0 GG13 45 min
7 Dorado Group U/S IlaO (Bkd.) GG13 30 min
8 Centaurus Cluster U/S 103a0 GG13 30 min
Clusters and Groups.
The catalogues of Abell^ and of Zwicky, Hertog and Wild^ 
employ different criteria for the definition of a "cluster of galaxies". 
Abell requires that a cluster should contain at least 50 galaxies not 
more than 2 magnitudes fainter than the third brightest galaxy. Zwicky 
defines a cluster as having a population of at least 50 galaxies in 
the brightest three magnitudes.
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If we take either of these definitions, we have only one 
cluster in the present data - that in Centaurus. The galaxies in 
Dorado, Telescopium and Grus will be considered as comprising "groups" 
or "clouds", since their population in the first tv/o or three magnitudes 
does not appear to exceed 20 or 30 galaxies.
The structure and content of the cluster and of the groups 
will now be described.
The Dorado Group.
These galaxies form a small part of Region II of de Vaucouleurs*
17survey which includes the Fornax region. Region II extends roughly 
from*
R.A. « 3h. 30m. to 5h, 30m.
and Dec. = -20° to -65°•
Most of the galaxies included in our investigation lie in a field of
about 5° square around R.A. = 4-h. 10m. and Dec. = -55° > although
NGC 1559 is about 7° from the three bright members, NGC 1549» 1553 and
1566. NGC 1596 is classified as E7 in Mem. No. 13, but de Vaucouleurs
16now lists it as SAO in the recent catalogue • No large scale 
photograph has been obtained of this object.
The NGC lists 27 objects in the Dorado region, ranging in
* tdiameter, according to de Vaucouleurs, from 0*5 to 8 • A Schmidt 
plate of part of this group (Plate 7) shows only about a dozen fairly 
bright galaxies (to about magnitude 14)» of which 8 are included in the
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present programme. There is thus a significant lack of galaxies at 
the fainter end of the luminosity function, compared, for instance, to 
the Virgo cluster. This phenomenon is discussed below in connection 
with the Grus group (Fig. 1)•
The Centaurus Cluster.
This is a moderately dense cluster, noted by de Vaucouleurs as 
being one of the richest regions in his comprehensive survey of 
southern galaxies reported in Mem. No. 13« It lies at the low galactic 
latitude of +22°• At least 50 galaxies brighter than about magnitude 15 
are visible on the part of the Schmidt plate from which Plate 8 is taken. 
Those which have not been measured were either too faint for the 
26-inch telescope, or have bright stars nearby which would have been 
included in the diaphragm. The brightest objects all appear to be of 
type E or SO, with a large predominance of the latter. However, many 
of the fainter galaxies, particularly those of low surface brightness, 
are probably spirals or irregulars.
The identification of a radio source catalogued by Mills,
Slee and Hill with the lenticular NGC 4696 is discussed in Chapter 5«
The Telescopium Group.
This is a fairly open group, some of the brightest members of 
which are reproduced in Plate 5 (excluding 15267)* They are mostly 
elliptical and lenticular types, although, as in the Centaurus cluster, 
there are several galaxies of low surface luminosity which appear to be 
spirals or irregulars. This group extends from 20h. to 20h. 25m. in R.A.
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and from -47° to -48-5 in Dec. NGC 6878, at -41° 41' (1950), is 
probably not a member of this small gToup, but it lies with the other 
galaxies in Region VI of de Vaucouleurs.
NGC 6875 is a peculiar elliptical system with two nuclei 5 
arc apart. The common envelope is very much larger than this and
1
appears to extend to the nearby elliptical 1.1 away; Plate 5 (lower 
left and inset) shows a negative print of the whole system and a 
positive, overexposed print of the nucleus of NGC 6875 only. There is 
a faint condensation between the small companion and NGC 6875, which is 
real as it is also visible on a Schmidt plate. The colours of the main 
system are normal, and the spectrum shows no emission, although that 
of [Oil] 3727 would have to be fairly strong to appear on the spectrum 
shown in Plate 9»
The Grus Group of Spirals.
The major part of this group lies between:
R.A. = 22h. 50m. and 23h. 20m.
Dec. = -35° and. -45°•
De Vaucouleurs1 Group VII includes a few more members between the limits 
R.A. = 22h. 20m. and 24b., but there is a strong concentration of 
galaxies only between the first set of coordinates mentioned above.
It is possible that NGC 7213 should not be included in this group (it 
lies at R.A. = 22h. 06m. and Dec. ■ -47° 25 )» but its magnitude is
close to that of 15267» which it also resembles in morphological type, 
and its velocity is similar to those of other Grus galaxies. Out of
F ig u re  1. H istogram s showing th e  num bers o f  s p i r a l s  in  
each 0*5 m agnitude in  th e  V irg o , Grus and Dorado r e g io n s .
The diagram  f o r  th e  V irgo c l u s t e r  i s  com piled  a s  fo llow s*  
th e  s o l i d  b la c k  p a r t  i s  from B^  m ag n itu d es , w here a v a i l a b l e ,  and
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+ 0 .3  from  de V aucouleurs fo r  th e  r e s t .  The d o t te d  p a r t  o f  th e  
d iagram  i s  n o t b ased  on co u n ts  and m agnitudes i n  th e  c l u s t e r ,  b u t 
on ly  on th e  o b s e rv a tio n  (on th e  Palom ar Survey p r i n t s )  t h a t  th e re  
a re  la rg e  numbers o f g a la x ie s  s e v e ra l  m agn itu d es  f a i n t e r  th a n  th e  
b r i g h t e s t  members. The th in n in g  o f th e  d o ts  in d i c a te s  t h a t  th e se  
columns have h ig h ly  u n c e r ta in  h e ig h ts .
The b la c k  p a r t s  o f th e  Grus and Dorado h is to g ra m s  a re  
com piled  from  m ag n itu d es , a few H arvard  v a lu e s ,  and m agn itudes 
o f o th e r  g a la x ie s  ro u g h ly  e s tim a te d  from U ppsala  Schm idt p l a t e s  
c o v e r in g  most o f  each c l u s t e r .  There sh o u ld  be l i t t l e  o r  no 
o b s e rv a t io n a l  s e le c t io n  e f f e c t  to  m agnitude 14 i n  th e se  r e g io n s .  
Beyond 14 we sh o u ld  ex p ec t to  in c lu d e  a la rg e  p ro p o r t io n  o f  f i e l d  
g a la x ie s .
Even in  th e  m agnitude range  where th e r e  sho u ld  be on ly  a 
sm all s e l e c t io n  e f f e c t  in  th e  V irgo c l u s t e r  (B^ <.13) i t  i s  e v id e n t 
t h a t  th e  p ro p o r tio n  o f f a i n t  to  b r ig h t  g a la x ie s  i s  much l a r g e r  th a n
in  Dorado o r Grus
20
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9 10 11 12 13
B.
14
29
a p p ro x im a te ly  20 b r ig h t  g a la x ie s  in  t h i s  c e n t r a l  r e g io n ,  on ly  one 
(11459) i s  an e l l i p t i c a l ,  and two (NGC 7410 and 15269) a re  l e n t i c u l a r s .  
These 20 g a la x ie s  a re  a l l  b r ig h t e r  th a n  m agnitude 14 and 15 o f  them 
a re  in c lu d e d  in  t h i s  in v e s t i g a t io n .  On th r e e  U ppsala Schmidt p la te s  
w hich have been  o b ta in e d  (c o v e r in g  30 sq u are  d eg rees  o f t h i s  r e g io n ) ,  
th e re  i s  a co nsp icuous d e f ic ie n c y  o f g a la x ie s  betw een m agnitudes 13 
and abo u t 15* In  th e  V irgo c l u s t e r ,  f o r  in s ta n c e ,  th e  number o f 
g a la x ie s  in c re a s e s  r a p id ly  a s  th e  m agnitude in c r e a s e s ,  b u t a lth o u g h  
m agnitudes a re  n o t a v a i la b l e  f o r  th e  f a i n t e r  g a la x ie s  in  G rus, i t  i s  
ap p a re n t from an in s p e c t io n  o f  th e  w id e - f ie ld  p la te s  th a t  th e re  i s  no 
such in c re a s e  h e re  ( s e e  F ig .  1 ) . T h is  o b s e rv a tio n  i s  im p o rtan t when 
we come to  a com parison  o f  th e  g a la x ie s  in  V irgo and Grus fo r  th e  
pu rpose  o f  th e  d e te rm in a tio n  o f  th e  d is ta n c e  o f  th e  l a t t e r  group in  
C hapter 5* We assume th a t  th e  Grus g a la x ie s  a re  com parable w ith  th o se  
a t  th e  b r ig h t  end o f  th e  lu m in o s ity  fu n c t io n  o f  th e  V irgo c l u s t e r .
T here i s  a f a i r l y  w e ll marked d iv i s io n  o f th e  g a la x ie s  in  
Grus in to  two s m a lle r  o r su b -g ro u p s , a lth o u g h  to  what e x te n t th e y  a re  
in d ep en d en t i t  i s  n o t p o s s ib le  to  say  from th e  v e l o c i t i e s  a v a i la b le  a t  
p r e s e n t .  These su b -g ro u p s  c o n ta in  th e  g a la x ie s !
1.  NGC 7418 , 7421, 11459, 15273, (15264 , 7418—A ),
2 . NGC 7552, 7582 , 7590 , 7599-
No. 1 i s  shown in  P la te  4« The g a la x ie s  in  p a r e n th e s is  a re  n o t in c lu d e d  
in  th e  p r e s e n t  i n v e s t i g a t io n .  No. 2 , ex ce p t f o r  NGC 7552j i s  shown in
30
Plate 3« The other objects in the whole group are mostly scattered 
between these two sub-groups.
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CHAPTER 3»
SPECTRQGEABHIC OBSERVATIONS.
The spectra obtained, for this programme were taken between 
August 1962 and July 1963* Until October 1962, the Zeiss spectrograph 
was used at the Newtonian focus of the 74-inch telescope. After 
this time the Nebulae Spectrograph was in operation, and used 
exclusively. The spectra were all obtained on Eastman Kodak IlaO 
plates, baked for 3 days at a temperature of 50°C.
Only about a dozen radial velocities of galaxies have 
previously been determined from the southern hemisphere. Table 2 
gives 17 new values. Because of the large amount of 74-inch telescope 
time which would have been required to obtain spectra of all objects 
in the programme, observations were first of all restricted to the 
brightest objects and, further, to those which had shown peculiar 
colours in the photoelectric photometry. The faintest objects 
observed (NGC 4 6 9 6» 4706 and 4709) were included because it was 
important to investigate the possibility that NGC 4696 does, in fact, 
lie in the cluster of which the fainter surrounding objects are 
members. NGC 6875 is also faint, but was included because of its 
peculiar structure (Plate 5)»
1. Description of the Spectrographs.
(a) The Zeiss two-prism spectrograph.
This instrument is equipped with prism and lens optics.
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79A full description has been given by H. Gollnow , and since we 
used only one of the four possible dispersions (termed HNDM) we 
mention only the optics for this dispersion.
Collimator: uncemented triplet lens, focal length 225 mm,
aperture 45 mm, F/5*
Prisms: 2 x UBK7, ultraviolet transmitting glass.
Camera lens: uncemented, four elements, focal length 82.5 mm,
P/1.5, (working aperture F/1.8).
The combination produces a dispersion of:
170 A/mm at 3727 A,
295 A/mm at Hi,
428 A/mm at Hp.
Unfortunately, good definition was not obtained at the 
longer wavelengths. There is noticeable deterioration beyond about 
4700 A, even when the best focus is found for this region of the 
spectrum only. When de Vaucouleurs (who describes the definition 
as being excellent over the whole spectrum ) used this instrument, the 
exposure meter was not attached. The installation of this 
necessitated placing a thin quartz beam-splitter between the slit 
and the collimator, and it is possible that the corrections of the 
optical system have been upset by this.
(b) The Nebular Spectrograph.
This instrument is modelled on the prime focus spectrograph 
of the 200-inch telescope on Mt. Palomar. The diameter of the beam
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i s  3 in c h e s .  At p re s e n t  o n ly  an F / l  camera i s  a v a i la b l e ,  which 
p ro v id e s  a d is p e r s io n  o f 140 A/mm w ith  a g r a t in g  o f  400 lines/m m  
u sed  in  th e  second o rd e r  and a d is p e r s io n  o f  397 A/mm w ith  a g r a t in g  
o f  300 lines/m m  u sed  in  th e  f i r s t  o rd e r .  The d e l iv e ry  o f F /2 and 
F/O .44  cam eras i s  a w a ite d .
The F / l  cam era a c c e p ts  f l a t  p l a t e s  5/8  in c h es  sq u a re . In  
p r a c t i c e ,  th e  f i e l d  ap p e a rs  to  be l im i te d  by achrom atism  r a th e r  th a n  
by th e  c u rv a tu re  o f  th e  f i e l d ,  s in c e  on b o th  th e  397 and 140 A/mm 
d is p e r s io n s  th e  d e f i n i t i o n  i s  r a th e r  poor beyond about 4700 A w ith  
4 ,500  A a t  th e  c e n t r e  o f th e  p l a t e .  The s h o r t  d is p e r s io n  s p e c tr a  
re c o rd e d  on Fastm an IlaO  p la te s  cover on ly  about 3mm o f th e  c e n tre  
o f  th e  p l a t e ,  w here th e  d e v ia t io n  o f th e  cu rved  f i e l d  from th e  f l a t  
p la t e  i s  sm a ll;  how ever, th e  140 A/mm s p e c tr a  cover th e  whole f i e l d  
o f  th e  cam era, and y e t  th e  d e f in i t i o n  f a l l s  o f f  a t  about th e  same 
re g io n  o f th e  sp ec tru m . U su a lly  on ly  th e  em issio n  l i n e s  o f and 
and o f  [bill} o ccu r in  th e  p a r t  o f poor d e f i n i t i o n ,  and 
v e l o c i t i e s  from  th e se  a re  g iv en  a s m a lle r  w eigh t th a n  th e  v e l o c i t i e s  
from th e  o th e r  l i n e s .  The fo cu s  has been  s e t  to  g iv e  th e  b e s t  
d e f in i t i o n  from  about 3700 A to  46OO A.
2. M easurem ent o f th e  S p e c t r a .
The p la te s  were m easured on th e  p h o to e le c t r ic  s e t t i n g
80d ev ice  d e s ig n e d  by H. Gollnow . The base  o f t h i s  in s tru m e n t i s  
a Z e is s  Abbe co m p ara to r. W ith a s u i ta b le  ch o ice  o f  th e  w id th  and
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length of the scanning slit, faint lines, in particular, can be
measured with considerably greater accuracy than is possible with
the original comparator. Personal errors enter only in the judgement
of the centre of asymmetrical lines and blends.
The velocities from such lines and blends of uncertain
position or wavelength were usually given one-third v/eight. The
broad bands and blends below 3900 A were rarely used.
As may be seen on Plate 9» the most frequently observed
absorption lines are H and K of Call and the G-band of CH and of many
metallic lines. The adopted wavelengths of these and other absorption
lines that were measured occasionally are the laboratory values or
20those adopted by the de Vaucouleurs • The mean wavelengths of the 
Pel blends were taken from the Utrecht Solar Spectrum Atlas. The 
lines and blends and their wavelengths are shown here:
Line or Blend Wavelength
K  (Call) 3933.68
H (Call) 3968.49
SrII 4077.71
HS 4101.75
Cal (blended) 4226.8
G-band 4304.4
H * 4340.48
Fel blend 4385.0
ii 4404.8
it 4454.8
H(, 4861.34
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The most f r e q u e n t ly  observed, em issio n  l i n e s  were th o s e  
o f th e  Balmer s e r i e s  o f  hydrogen ( f o r  w hich la b o ra to ry  w av e len g th s  
were adop ted ) and [ o i l ]  3727* O ther em issio n  l i n e s  and t h e i r
w aveleng ths w ere:
Line W avelength
[o n ] 3727.52
[N e il l ] 3868.74
[N e ll i ] 3967.51
Com] 4363.21
[o i i i ] 4958.91
Com ] 5006.84
The jb e l l l ]  l i n e  a t  3963 A and [ o i l l ]  4363 were i d e n t i f i e d  
on ly  on th e  h e a v i ly  exposed  spectrum  o f 30 D oradus. [ b e l l i ]  3868 
was a lso  i d e n t i f i e d  in  th e  em issio n  re g io n s  o f bGC 55 and 1566 and 
in  th e  n u c le u s  o f  NGC 7582.
The helium  com parison spectrum  i s  e x c e l le n t  f o r  th e  s h o r t  
d is p e r s io n  s p e c t r a ,  as  th e r e  a re  l i n e s  d i s t r i b u t e d  th ro u g h o u t th e  
spectrum  (on b lu e  s e n s i t i v e  p l a t e s )  and no wide b le n d s . The w av e len g th s
o f th e  l i n e s  u sed  a r e :
(3 6 1 3 .6 4 1 )
( 3705. 037)
( 3819. 635)
3888.646
3964.727
4026.217
4101.737 (H i)
4120.854
4143.77
4340.477 (H»)
4387.928
4437.549
4471.506
4685.682 
4713.199 
(4861 .344) (Hp) 
(4921-929) 
(5015 .675)
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The l i n e s  in  p a re n th e s e s  in  th e  u l t r a v i o l e t  were in v i s i b l e  on th e  
p rism  s p e c t r a ,  and a v a i la b le  o n ly  when th e  p la te  was overexposed  
on th e  g r a t in g  s p e c t r a .  The l a s t  th r e e  l i n e s  on th e  l i s t  were o f  
poor d e f i n i t i o n .
3« R e d u c tio n s .
(a )  Z e is s  sp e c tro g ra p h .
The Cornu fo rm ula  was u sed  to  e x p re ss  th e  d is p e r s io n  on 
th e  RT> p l a t e s .  The d e v ia t io n s  were 2-3 m icrons from th e  r e l a t i o n :
X -1813.612
where s i s  th e  d is ta n c e  m easured from th e  3888.6 l i n e  o f  H el. S in ce  
th e  s l i t  o f th e  sp e c tro g ra p h  i s  s t r a i g h t ,  th e  l i n e s  on th e  p la te  
a re  cu rv ed . The c u rv a tu re  c o r r e c t io n  to  be a p p l ie d  to  th e  g a lax y  
l i n e  p o s i t io n s  f o r  v a r io u s  s e t t i n g s  o f  th e  com parison p rism s i s  
g iv e n  h e re :
S e t t in g  o f com parison  p rism s C o rre c tio n
21,660.0 
s -  10.4384*
1 .0  mm 
1 *5 mm
2 .0  mm 
5*0 mm
- 1.7 m icrons 
- 3 .0  m icrons 
- 4*9 m icrons 
-23.1 m icrons
The c u rv a tu re  a ls o  v a r i e s  s l i g h t l y  w ith  w aveleng th  and f o r  th e  
d i f f e r e n t  p rism  s e t t i n g s  th e  a d d i t io n a l  c o r r e c t io n s  to  be a p p lie d  
in  m ic ro n s , a t  th e  w aveleng ths  3900 A and 48OO A a re :
S e t t in g  o f 
com parison p rism s
3900 A
4800 A
1.0  mm 
0 .0  
0.0
2 .0  mm
- 0 .2
+0 . 2
5 .0  mm
- 0 .8
+0 •  8
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Velocity residuals were grouped for the most frequently observed 
lines and no deviations greater than the errors were found to be 
present*
A comparison with other work is available for one object,
(NGC 1566), the velocity of which has been measured by the de 
20Vaucouleurs • The de Vaucouleurs' velocity for the nucleus is 
1421 — 110 km/seo* The difference between the present value and 
the de Vaucouleurs' figure is 0 km/sec if we take the weighted mean 
velocity of the nucleus and of the H II region, or -91 -I60 km/sec 
if we use only the velocity of the nucleus measured for this programme* 
(b) Nebular Spectrograph.
The dispersion of the spectra from the 300 line grating 
was fitted to the quadratic equation*
A -  3888.646 = 401.118s - 1.786s2 
where s is the distance measured along the spectrum from the 
3888.6 A line of helium. No systematic deviation of the velocity 
with wavelength was noticeable. The velocity residuals for each 
line were grouped together, and no significant deviation was observed 
for any of the lines. The mean residuals for each line were always 
comparable to, or much less than, the accidental errors of measurement. 
An insufficient number of plates are available for a full investigation 
of these effects, but we believe that the systematic errors are 
unlikely to reach 50 km/sec.
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Several objects of known velocity were observed with this
dispersion. The objects with absorption line spectra, and their
velocities measured in this programme, V_, and elsewhere, V7 btromlo 9 c
are shown here:
Object Sp. VStromlo A.D. Vc
Moon G2V -3 90 0 (2 plates)
^Dor F8lb +8 43 -2 (2 plates)
oLup B6 -7 48 +7
The differences are well within the errors. The velocity of ßhor
8i
is taken from the data given by Irwin for this cepheid, and also 
from unpublished velocities determined by hr. A.W. Rodgers and 
Dr. R.A. Bell from Mt. Stromlo coude plates. The velocity of 
o Lup is from Wilson's catalogue of radial velocities.
The agreement does not appear to be so good for the 
measures of emission line objects. An overexposed spectrum of Region A
Q
of 30 Doradus, the velocity of which (measured by Feast cL) is 250 km/sec,
gave a value of 165 -21 km/sec. The difference V ^  - V_
' Stromlo Feast
of -85 km/sec is possibly significant. The velocity of an emission
nebulosity in RGC 55 was also obtained. This particular object
has not been measured before, but de Vaucouleurs1 rotation curve 
8 3for 1\IGC 55 predicts a value of about 210 km/sec, with an uncertainty 
which may reach -50 - 60 km/sec. The nebulosity is designated Region IV 
by de Vaucouleurs. The velocity given in Table 2 is 109 - 26 km/sec.
The difference of -101 -60s may be significant.
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Unfortunately, due to poor weather conditions prevailing 
after these spectra were obtained, it was not possible to obtain 
further plates of these two nebulae. The galaxy velocity depending 
only on the measures of emission lines at the 397 A/mm dispersion 
is NGC 7496. It is possible that the velocity of this object should 
be increased by about 90 km/sec, but since the only uncertain evidence 
for this correction is from 2 plates, we do not consider that the 
application of the correction is justified at present.
The dispersion on the plates taken with the grating of 
400 lines per mm is expressed by:
X - 3819.635 = 142 .954 s - 0.6534 s2
where s is measured from the Hel line 3819*6 .
Only the spectra of EGC 1553 and 7552 were obtained 
at this dispersion, and no systematic errors could be detected in 
this material. A plate of the cepheid ^ Dor was also obtained at 
this dispersion, and the difference V ^ ToniQ - V c = -1 -33 (A.D.) km/sec
is small. The large error is presumably due to the uncertain 
wavelengths of the blends in this F type spectrum.
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4* R e s u l t s .
In  T able 2 th e  s u c c e s s iv e  columns a r e :
1• NGC number.
2 . S p e c tro g ra p h .
3. D isp e rs io n  ( a t  H* on ly  f o r  th e  Z e is s  s p e c tro g ra p h ) .
4 . Number o f  a b s o rp tio n  and em issio n  l i n e s  m easu red .
5» E xposure.
6 . S l i t  le n g th  ( in  mm) and s l i t  w id th  ( in  m ic ro n s ) .
7 . V e lo c ity  c o r r e c te d  to  th e  sun (V ).
8 . The w eigh ted  average  d e v ia t io n  o f th e  l i n e  v e l o c i t i e s  from th e  
mean v e lo c i ty .
9« V e lo c ity  c o r r e c te d  to  th e  c e n tre  o f th e  G alaxy (V ) by th e  fo rm ula:
V -  Vq = 300 c o s ( l I  -  55) cos b1 ,
27a f t e r  Humason, M ayall and Sandage .
10. N o tes .
A few o f th e  s p e c tr a  were u n d erexposed , u s u a l ly  because  
c lo u d s fo rc e d  a te rm in a t io n  o f  th e  ex p o su re . In  c a s e s  where 
u nderexposu re  was su sp e c te d , th e  p la te  was o f te n  made us ab le  f o r  
r a d i a l  v e lo c i ty  m easurem ents by in c re a s in g  th e  developm ent tim e . T h is 
p ro ced u re  was fo llo w ed  fo r  th e  N ebu lar S p e c tro g ra p h  p l a t e s ,  s in c e  
on many n ig h ts  c louds p e rm itte d  exposu res o f  o n ly  one o r two h o u rs , 
and u n le s s  u se  co u ld  be made o f  th e se  n ig h ts  a l a r g e  p ro p o r tio n  o f 
te le s c o p e  tim e would have been  w asted . Kodak D19 d ev e lo p e r was 
employed fo r  th e  p ro c e s s in g , and an in c re a s e  in  th e  developm ent tim e
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from the usual 5 minutes to as much as 10 minutes gave more grainy, 
but measureable plates in about one-half of the required normal 
exposure time. These plates would have been useless otherwise.
Only a small decrease in the accuracy of the velocities is evident 
as a consequence of the increased development times.
The spectra of the individual galaxies will now be
described.
(a) Elliptical and Lenticular Galaxies.
Two of the 7 ellipticals observed for this programme show 
[oilj 3727 emission. 11459» the spectrum of which was obtained with 
both spectrographs, has only weak emission, and the line also appears 
to be rather broad. It is only just visible on Plate 9» In NGC 6868 
the line is also weak, but sharper than in 11459»
Although no attempt has been made to classify these spectra, 
the ellipticals and lenticulars have late-type absorption features, 
in which the H and K lines of Call, the G-band and several Fel blends 
are visible. H0 and Et are occasionally observed.
For NGC 6875» the slit was set across the two nuclei (see 
the photograph on Plate 5)» H and K are too broad and diffuse to 
be used for the measurement of the rotation of this system, but the 
G-band is strongly inclined to the dispersion and it is possible to 
obtain a value of the relative velocities of the nuclei. An 
unmodified Zeiss comparator was used for this purpose, and the 
positions of the two ends of the G-band were measured. The guiding
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on this object was not perfect, as the original intention was only 
to find out if the nuclei showed any spectral peculiarities. Since 
the nuclei are only 0.08 mm apart on the plate, the separate spectra 
are not resolved. However, the relative velocities of the two 
nuclei appear to he about 203 km/sec.
(b) Spiral Galaxies.
Seven spectra were obtained for the nuclei of spirals;
five show nuclear emission. Of the other two, I5267, an early
Sa type, shows much the same absorption features as the ellipticals
and on the underexposed spectrum of NGC 7590 only Hfc and the G-band
could be identified. Since this is a late spiral, we should expect
72an A or F spectral type (Morgan and Mayall
NGC 7213 is an early Sa type resembling I5267 in both 
spectral and morphological type, but it also has moderately strong 
[Oil] 3727 emission.
The other four nuclei show several emission lines. According 
to the criteria suggested by the Burbidges and Prendergast in a 
recent paper^, probably only NGC 1566 is a Seyfert^ type galaxy.
The above authors require that a true Seyfert nucleus should be small 
and bright, and have very broad emission lines, including some of a 
higher excitation than that required to produce the N^ and N^ lines 
of [OIII].
The spectrum of the nucleus of NGC 1566 has been discussed
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20and rep ro d u ced  by th e  de V aucouleurs . The l i n e s  N , N , Hp and
* a re  b road ; [O il]  3727 i s  a ls o  observed  on th e  spectrum  o b ta in e d
f o r  t h i s  programme. I f  l i n e s  o f  h ig h e r  e x c i t a t io n  a re  p r e s e n t ,  th e y
a re  to o  b road  and weak to  be d e te c te d .  The most s t r i k i n g  f e a tu r e
i s  th e  s tro n g  UV continuum  w hich i s  e v id e n t ly  th e  cause o f th e
v e ry  b lu e  U-B c o lo u r  (s e e  C hap ter 4 ) .  The h a l f  i n t e n s i t y  w id th s
o f  Hft and H» w ere m easured a t  abou t 2000 and 3000 km /sec r e s p e c t iv e ly .
These v e l o c i t i e s  ag ree  w e ll w ith  th e  v a lu e s  from o th e r  S e y fe r t
85n u c le i  , and we conclude th a t  i t  does b e lo n g  to  t h i s  c l a s s  of 
o b je c t .  The a b s o rp tio n  spectrum  a ls o  has b ro ad  and sha llo w  l i n e s ,  
and i s  c l a s s i f i e d  by th e  de V aucouleurs as G ty p e .
S ince th e  l i n e s  in  th e  n u c le u s  were d i f f i c u l t  to  use 
f o r  r a d i a l  v e lo c i ty  m easurem ents, a spectrum  o f th e  b r ig h t  H I I  
re g io n  marked on P la te  1 was o b ta in e d . T h is  i s  rep ro d u ced  in  
P la te  9» The em issio n  l i n e s  o f  H(J, HV, H i, [N e ll i ]  3869 and 
[o ilj 3727 were m easured . S ince  th e  g a lax y  i s  n e a r ly  fa c e -o n , th e re  
sh o u ld  be on ly  a sm all r o t a t i o n a l  component o f  v e lo c i ty  w ith  r e s p e c t  
to  th e  n u c le u s .
NGC 7582 h as  a sm all b r ig h t  n u c leu s  ( P la te  3) b u t in  
c o n t r a s t  to  th e  spectrum  o f NGC 1566 th e  l i n e s  a re  sh a rp , and s in c e  
th e  co n tin u o u s  spectrum  v i s i b l e  on P la te  9 i s  due to  th e  moon, i t  
i s  p ro b ab le  t h a t  most o f  th e  l i g h t  o f th e  n u c le u s  i s  in  th e  em issio n  
l i n e s .  N1 , N0 , H^, H e ll 4686 , H*, [N e ill]  3869 and [oil] 3727 a re  
a l l  v i s i b l e ,  and th e  spectrum  s tro n g ly  resem b les  th a t  o f an H I I
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re g io n  o f h ig h  e x c i t a t i o n .
T h is  spectrum  was o b ta in e d  e a r ly  in  th e  programme and th e  
s l i t  was s e t  a lo n g  th e  m ajor a x is  o f  th e  g a la x y . The n u c leu s  i s  
s m a ll ,  hence th e  spectrum  was w idened by 0 .2  mm. The l i n e s  o f 
[O il] 3727 and H* a re  s t r o n g ly  t i l t e d ;  th e  e f f e c t  i s  n o t v e ry  
n o t ic e a b le  w ith  Hp, N^  and N^ as  th e  d is p e r s io n  i s  sm all h e re .
S in ce  th e  spectrum  i s  w idened by tw ice  th e  d ia m e te r  o f th e  n u c le u s , 
i t  i s  no t p o s s ib le  to  o b ta in  a v e ry  a c c u ra te  v a lu e  o f th e  r o t a t i o n a l  
v e lo c i ty ,  b u t th e  mean v a lu e  (w e ig h ted  a c c o rd in g  to  th e  d is p e r s io n )  
o f th e  v e lo c i ty  d i f f e r e n c e  betw een th e  two ends o f  3727 and HU i s  
262 -21 (A .D .) km /sec .
The n u c le u s  o f NGC 7552 i s  d i f f e r e n t  a g a in  from th o se  o f  
NGC 1566 and 7582. F a i r l y  weak, sh a rp  em issio n  l i n e s  o f H^, H* and 
[O il]  3727 a re  v i s i b l e ,  to g e th e r  w ith  an a b s o rp tio n  spectrum  w hich 
shows weak H and K and a lso  th e  Balmer s e r i e s ,  a t  l e a s t  from to  
s h o r te r  w avelengths*  I t  i s  p o s s ib le  th a t  and Hfc a re  a lso  p re s e n t  
in  a b s o rp tio n ,  b u t th e  spectrum  does no t show them to g e th e r  w ith  
th e  em issio n  l i n e s .  The p re se n c e  o f  th e  Balmer a b s o rp tio n  l i n e s  
su g g e s ts  an e a r ly  sp ec tru m , p ro b ab ly  A ty p e , and t h i s ,  r a th e r  th a n  
th e  em issio n  l i n e s ,  i s  th e  cause  o f  th e  b lu e  c o lo u rs  (s e e  C hapter 4)*
The underexposed  spectrum  o f  NGC 7496 a ls o  shows weak 
em issio n  a t  H f, Hr and 3727 ( P la te  9 ) .  Nj and Ng a re  n o t v i s i b l e .
There appear to  be some a b s o rp tio n  l i n e s ,  b u t th e y  were n o t i d e n t i f i e d  «*
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a lo n g e r  exposure  i s  r e q u ir e d  f o r  an a c c u ra te  m easure o f t h e i r  
p o s i t i o n .  In  s p i t e  o f  th e  low d e n s i ty  o f  th e  co n tin u o u s  sp ec tru m , 
i t  can be seen  down to  3700 A, so t h a t  th e re  i s  e i t h e r  an u l t r a ­
v i o l e t  ex ce ss  (a s  in  NGC 1566) o r  i t  i s  o f  an e a r ly  s p e c t r a l  ty p e .
The spectrum  o f th e  la rg e  H II r e g io n  v i s i b l e  on P la te  2 a ls o  
ap p ea rs  on th e  p l a t e ,  w ith  th e  l i n e s  H^, Här, and 3727 f a i n t l y  
r e c o rd in g ,  b u t th e r e  i s  no s ig n i f i c a n t  v e lo c i ty  d i f f e r e n c e  betw een 
th e s e  l i n e s  and th o se  in  th e  n u c le u s .
5* The S t a b i l i t y  o f  th e  Grus Group.
A s u f f i c i e n t  number o f  r a d i a l  v e l o c i t i e s  i s  now a v a i la b le  
f o r  a p re lim in a ry  in v e s t ig a t io n  o f  th e  s t a b i l i t y  o f  th e  Grus group 
o f  g a la x ie s .  We e l im in a te  NGC 7410 from th e  fo llo w in g  d is c u s s io n  
as  i t s  v e lo c i ty  i s  o f  a  low a c c u ra c y . We w i l l  n o t in c lu d e  NGC 7213 
a t  f i r s t ,  s in c e  i t  l i e s  n e a re r  to  th e  c lo u d  o f  g a la x ie s  d e s ig n a te d  
Region VI by de V aucou leu rs th a n  i t  does to  th e  Grus g a la x ie s  
(R egion VI>).
The s ix  rem a in in g  v e l o c i t i e s  r e p re s e n t  d a ta  f o r  abou t 30% 
o f  th e  b r ig h t e s t  members o f  th e  g roup . The mean v e lo c i ty  ( c o r r e c te d  
to  th e  c e n tre  o f  th e  G alaxy) i s  1559 km /sec . I f  AVq i s  th e  d i f f e r e n c e  
betw een th e  v e l o c i ty  o f a g a lax y  and th e  mean, th e n  v/e have:
£ aV2 ** 6 .7 0  x 1C4 (km /sec)2 .
I f  we assume th a t  each  o f  th e  v e l o c i t i e s  in c lu d e s  an 
e r r o r  o f  -  50 km /sec , th e n  v/e sh o u ld  ap p ly  a  c o r r e c t io n  o f 
-6  x  (5 0 )2 * - I . 5 0  x 104 (k m /se c )2 to  th e  above v a lu e .
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It is possible that the sub-group containing the
galaxies NGC 7552, 75^2, 759° and. 7599 is a physically interacting
system which may, or may not, be stable. In either case, there
will be an extra velocity dispersion caused by the relative motions
about their centre of gravity. The mean velocity of the first three
objects is 1522 km/sec, and the squared velocity dispersion about
this value is 2.46 x 1CT (km/sec) . We note that if this is a very
unstable sub-group, or the galaxies are net physically associated
at all, then it will not be correct to subtract the figure just
calculated from the total squared dispersion. However, we apply
the correction and bear in mind that the corrected squared velocity
dispersion will be a minimum value. If we denote the true velocity
residuals by v then we have* r
y~v^ * 2.74 x 10^ (km/sec)^.
51We follow the procedure of the Burbidges^ . The total 
kinetic energy of the Grus group is*
K.E. M x 10^ ergs,
where M is the mean mass per galaxy (in grams) and 0( is the ratio of 
the total number of galaxies of mean mass M to the number for which 
the velocities are available (6). These 6 are amongst the brightest 
in the group, and presumably also the most massive. We estimate 
that there are 15 galaxies contributing the great majority of the 
mass of the group, so that the total kinetic energy becomes:
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K.E. » x I x 2.74 x 1014 M 
■ 10.28 x 10^4 M ergs.
We assume that the 15 galaxies are distributed uniformly 
throughout a sphere of radius R, in which case the potential 
energy of the group ist
P.E.
2 2 ■3 G M x 15
5 R
If we consider the region of the brightest galaxies, the radius of
the group is 5°; if the whole of de Vaucouleurs* Region VTI is
included, it is 9°« Since the few galaxies in the outer parts of
Region VII are mostly faint and of uncertain membership, the
radius will be taken as 5°« For a distance of 14*5 Mpc determined
24in Chapter 5> the value of R is 3•91 x 10 cm. The potential 
energy is thus*
P.E. * -2.30 x 10“30 Hi2 ergs.
For the stability of the group, we have the condition, 
from the virial theorem»
2 x K.E. + P.E. 0.
From this relation we obtain the value»
M « 4.49 x 1011 Mo ,
where M is the mass of the sun. o
The mean luminosity of the brightest galaxies in Grus
( from the (B.) values in Table 6 corrected to total m by I c PS
the amount derived in Chapter 4 ) is»
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I* ■ 9 X 109 L ,o 9
where Lq is the luminosity of the sun. The mass/luminosity ratio
for spirals, from the work of the Burbidges and Prendergast^ and
86Page , appears to be about 4 or 5 . The variation with spiral type
is very uncertain. It is possible that the value for the ellipticals
and lenticulars is $0 or more, but since we have only one
elliptical and two lenticulars (one of them faint) in this group,
the mass is increased by only 15$ if we use this value. We assume
10a ratio of 5> which gives a mean mass per galaxy of 4«5 x 10 Mq.
This is near the mean of the masses derived by the Burbidges and
Prendergast for many spirals.
The virial theorem thus indicates a mass ten times
greater than that derived from the luminosities. This is of the
same order of magnitude as the discrepancy for most of the
other clusters to which this procedure has been applied. The
factor varies from about 3 to over 100 for nine groups and clusters
87discussed by Nelson Limber . We should investigate the 
reliability of this determination in order to find the effects 
of uncertainties in the data.
The mass from the virial theorem is proportional to
n
where n is the number of members of the group. The value of R is 
certainly not overestimated; on the contrary, if the whole of
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Region VII is included, R becomes nearly twice as large whereas 
n is increased by only about 20%, so that the ratio of 10 may only be 
increased in this case.
With regard to the velocities, there is no evidence in the 
small amount of data available in this group for any of the systematic 
errors suggested by Holmberg to apply to the velocities in the 
Humason, Mayall and bandage catalogue. The underexposed spectra 
for which only 2 or 3 lines are available for measurement show 
small average deviations from the mean value of the velocity.
Moreover, the mean value of the velocities from these plates is only 
13 km/sec less than that of the whole group. As has already been 
stated, we believe that the velocity dispersion has been minimised 
by the assumption that NGC 7552> 75^2, 7590 and 7599 form a stable 
physical group.
We note that if the galaxy NGC 7213 is included in the 
group, the radius of the cluster is doubled, and the squared 
velocity dispersion increased by about the same factor.
The mass derived from the application of the mass/luminosity 
ratio of 5 is so close to the values obtained by the Burbidges for 
spirals, that no significant error is expected here.
We conclude that the mass derived from the virial theorem 
is at least 10 times that calculated from the luminosities. If we 
assume that the group is unstable, which is not an unlikely situation 
in view of the loose,open structure of the aggregation, then the
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f u tu r e  tim e s c a le  ( ta k e n  a s  th e  tim e re q u ire d  f o r  a ga lax y  o f  mean
v e lo c i ty  to  p a ss  a c ro s s  th e  d ia m e te r , a f t e r  th e  B urbidges"' ) i s  
10abou t 10 y e a r s .  I f ,  on th e  o th e r  hand , th e  ex cess  mass i s  
p re s e n t  in  th e  form  o f i n t e r g a l a c t i c  m a tte r  a n d /o r  dw arf g a la x ie s ,  
th e n  t i i i s  m a te r ia l  must accoun t f o r  90$  o f  th e  t o t a l  mass o f  th e  
g roup .
I t  has a lre a d y  been  rem arked ( in  C hapter 2) th a t  th e re  i s  
a s ig n i f i c a n t  la c k  o f g a la x ie s  betw een th e  13th  and 15 th  m agnitudes 
in  t h i s  r e g io n ; th e re  a re  many f a i n t e r  g a la x ie s ,  th e  g re a t  
m a jo r i ty  o f w hich presum ably  b e lo n g  to  th e  background . However, 
i f  th e  excess  mass i s  to  be c o n ta in e d  in  g a la x ie s  o f th e  16th  
m agn itude, 12000 e x t r a  members a re  r e q u ir e d .  C o rresp o n d in g ly  
g r e a te r  numbers a re  r e q u ir e d  f o r  f a i n t e r  g a la x ie s .  There i s  no 
ev idence  f o r  th e  p re se n c e  o f  such  a la rg e  number; n e i th e r  i s  th e re  
any ev idence  f o r  la rg e  q u a n t i t i e s  o f  ab so rb in g  m a tte r  betw een th e  
g a la x ie s .  We th u s  conclude from th e  d a ta  a v a i la b le  a t  p re s e n t  th a t
th e  group i s  expand ing .
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Terminology.
CHAPTER 4.
PHOTOELECTRIC OBSERVATIONS.
The definition of the quantities to which most frequent 
reference will be made is given below.
u, b, v, — magnitudes on the natural systems.
U, B, V, - Johnson and Morgan standard magnitudes.
m , C, — photographic magnitude and colour index on the 
International System.
D, d, - major and minor diameters of galaxies (in minutes
D(0),
of arc) on the corrected Heidelberg system of 
de Vaucouleurs^.
88— I) corrected for tilt by the formula 
log D(0) = log D + 0.4 log d/D.
B(0)o, - D(0) corrected for absorption to the pole of the
Galaxy.
- diaphragm aperture used at the telescope.
B1>
< V o ’
- B corrected to A/d (0) = 1.0.c
- B^  corrected for absorption to the pole of the 
Galaxy, and to d/D = 1.0.
(U—B) , (B-V)^, - colours corrected for absorption to the pole of0 c
the Galaxy only,
b, - galactic latitude (=b^ except where stated).
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A.I). - The average deviation from the mean value
of a number of observations. This form of 
error is used since in most cases the mean 
is from too few values to make the assumption 
of a Gaussian distribution meaningful.
1• Ecuipment.
The photoelectric data were obtained using the 26-inch 
Cassegrain reflector situated at the Mt. Bingar Field Station in 
South Western New South Wales and the pO-inch Cassegrain reflector 
at Mt. Stromlo. The mirrors are aluminised. The 26-inch is of rather 
small aperture for many of the galaxies, for which the partial 
magnitudes reach down to beyond 14 in the blue, but easily measureable 
deflections were usually obtained. This was not always true for the 
ultraviolet, where the cell has a relatively low sensitivity and 
most galaxies are faint in this radiation.
2. Mt. Bingar Observations.
It became necessary in the course of the 2& year observing 
period to use three different cells on the 26-inch telescope. They 
are listed below, together with their designation which is entered 
in the columns headed ’’Cell" in Table 5«
(a) EMI Type 5^59» 11-stage, Voltage 95^v
(b) EMI Type 9524S, 11-stage, Voltage JOOv
(c) Lallemand, blue sensitive, 19-stage, Voltage 1300v
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They were a l l  u sed  in  c o n ju n c tio n  w ith  a G.R. a m p li f ie r  
(l\To. 944) and a Brown r e c o r d e r .  The a m p lif ie r  was a d ju s te d  by th e  
E le c t r o n ic s  D epartm ent o f  th e  O b se rv a to ry  to  re a d  from 0 .0  to  10 .0  
m agn itudes in  2 .5  m agnitude s te p s  on th e  c o a rse  s e n s i t i v i t y  s w itc h , 
and from 0 .0  to  2 .5  m agn itudes in  0 .5  m agnitude s te p s  on th e  f in e  
s e n s i t i v i t y  sw itc h . The c a l i b r a t i o n  o f th e  a m p li f ie r  (accom plished  
u s in g  a ra d iu m -a c t iv a te d  a r t i f i c i a l  s o u rc e ) ,  was checked s e v e ra l  
tim es  th ro u g h o u t th e  2-g- y e a r  programme, in  g r e a t ly  v a ry in g  c o n d i t io n s  
o f  te m p e ra tu re  and h u m id ity , and no s ig n i f i c a n t  d e v ia t io n  ( g r e a t e r  
th a n  -O.OO5 m agn itudes) was d e te c te d  from th e  fo llo w in g  mean v a lu e s :
Coarse Steps Fine Steps
Nominal M easured Nominal M easured
0.0 0 . 0 0 0 0.0 0 . 0 0 0
LO
v.CM 2.495 0 .5 0.501
5 .0 4.984 1.0 1.001
7 .5 7.463 1 .5 1.501
10.0 9 .903 2 .0 2.002
2 .5 2.500
F i l t e r s .
The f i l t e r s  u sed  w ith a l l  th e  c e l l s  w ere:
UY 2.5 mm th ic k n e s s o f  C orning C9863,
Blue 2 .9
2 .0
mm th ic k n e s s  
mm th ic k n e s s
o f C orning C503O p lu s  
o f  S ch o tt GG13,
V isu a l 2 .3 mm th ic k n e s s o f C orning C33Ö4.
T ran sm issio n  cu rv es  w ere d e te rm in ed  by D r. J .B . W hiteoak 
w ith  a monochromator and a re  rep ro d u ced  in  F ig u re  2 . The r e d  le a k
Figure 2 The transmission curves for the filters used
on both the 26-inch and 50-in°k telescopes.
C O R N IN G  C 9 8 6 3  ( 2.5 M M .)
IO O r
2 3 0 0 3 0 0 0 4 0 0 0 6 4 0 0 7 0 0 0 8 0 0 0 9000
T *7.
C O R N IN G  C 5 0 3 0  (2 .«  MM. )
C O R N IN G  C 3 3 8 4  ( 2.3 M M . )
4 0 0 0 6 000sooo 7 0 0 0 8 0 0 0
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of the UV filter was checked for each cell by observing a very 
red star v/ith the UV filter and then with the UV plus visual filter. 
The deflection with the latter combination (which passes only the 
red leak of the UV filter) was at least 6 magnitudes below that v/ith 
the UV filter alone, and the red leak may be neglected.
2b. Diaphragms.
Four diaphragm sizes were used, their diameters on the sky 
and designations as entered in the column headed "A” in Table 5 
being shown below:
II
15.6 I
M
28.8 I I
It
52.8 I I I
105" 6 IV
There was a marked effect of diaphragm size on the colours 
and magnitudes of the stars. This was determined using a moderately 
faint star ( 8 - 9  mag) and observing it and a nearby 'sky' field
It
in each colour and with each diaphragm. Since the 28.8 diaphragm 
was most frequently used for the comparison stars, the zero of this 
effect is placed here. The corrections were added to the magnitudes 
and colours obtained through the diaphragms.
s v S(B-V) S(U-B)
H
15.6 -0 .0 3 -0 .01 0.00
28 Ü8 0.00 0.00 0.00
it
52.8 +0.03 +0.01 0.00
105.6 +0.07 0.00 +0.01
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2 c . O b se rv a tio n a l P ro c e d u re .
In  n e a r ly  a l l  c a s e s ,  th e  n u c leu s  o f th e  g a lax y  was c e n tre d  
in  th e  d iaphragm . Two e x c e p tio n s  o ccu rred  when a s t a r  was ju s t  on 
th e  edge o f th e  l a r g e s t  diaphragm  used  fo r  th e  o b je c ts  (NGC 1574 and 
7599) i-n w hich case  th e  te le s c o p e  was v e ry  s l i g h t l y  o f f s e t  to  ex c lu d e  
th e  s t a r .  T h is  p roduces a n e g l ig ib le  e f f e c t  in  th e  c o lo u r ,  a lth o u g h  
i t  i s  p o s s ib le  th a t  th e  m agnitude i s  too  f a i n t  b y v \0 .0 3  mag* The
ii
.105*6 diaphragm  m easure o f NGC 4696 in c lu d e d  one f a i r l y  b r ig h t  s t a r ,  
th e  e f f e c t  o f w hich was c o r r e c te d  f o r  by o b se rv in g  th r e e  com parison 
sky f i e l d s ,  c o n ta in in g  a s t a r  o f a p p a re n tly  s im i la r  m agnitude* The 
s t a r  n e a r  th e  n u c leu s  o f NGC 1566 was m easured s e p a r a te ly  w ith  
a 8" diaphragm  and th e  mean o f  th e  sky d e f le c t io n  from e i th e r  s id e  o f  
th e  s t a r  o b ta in e d  and i t s  e f f e c t  s u b tr a c te d  from th e  diaphragm s 
in c lu d in g  i t .  The p o s i t io n s  o f th e  's k y ' f i e l d s  w ere chosen a f t e r  an 
ex am in a tio n  o f  f in d in g  c h a r ts  from U ppsala Schmidt and 7 4 -in ch  p l a t e s ,  
w hich re a c h  to  beyond th e  19th  m agn itude . U su a lly  two p o s i t io n s  w ere 
s e le c te d ,  o f s t e l l a r  d e n s ity  s im i la r  to  t h a t  superim posed  on th e  
g a la x y , b u t s i tu a te d  w e ll o u ts id e  i t ,  and th e  mean sky d e f le c t io n  
s u b tr a c te d  from th a t  o f th e  g a la x y .
A ccord ing  to  th e  b r ig h tn e s s  o f  th e  o b je c t ,  th e  m easurem ents 
o f th e  th r e e  c o lo u rs  th ro u g h  one diaphragm  o ccu p ied  from 15 to  45 
m in u te s . At l e a s t  two m easures were ta k e n  in  each  c o lo u r ,  and th e  
sky re a d in g s  were u s u a l ly  o b ta in e d  betw een and a f t e r  th e se  o b s e rv a t io n s .  
When two re a d in g s  were d is c o rd a n t ,  a t h i r d  was o b ta in e d . T his
59
occurred, frequently with the faint galaxies, as they were often 
difficult to centre accurately, and also a very slight drift in the 
drive rate ^the telescope has a hall-governed, weight drive) was 
often sufficient markedly to alter the deflection - especially 
when the diaphragm covered only the immediate surroundings of the 
nucleus; here the intensity gradient is usually steep. The 
highest reading was given the greatest weight in these cases, except 
when a field star was suspected of entering the diaphragm.
The number of observations, N, is given in Table 5> an 
observation consisting of two measures of each colour, or as 
described in the previous paragraph. The average number of 
observations per diaphragm per galaxy is 2*9* The original aim 
was to obtain 3, all on different nights, so that any systematic 
error in individual nights would be largely eliminated. However, 
for the fainter objects 4 or 5 were often necessary. The errors 
are discussed later. Where H is 2, these were usually reduced before 
a third was to be obtained, and if found to agree within -O.O5 mag, 
another was not considered necessary. Where N = 1, time or bad
weather prevented further observations.
3. Photometric Standards.
The standard stars are from the Harvard E Regions, with
89magnitudes measured at the Cape Observatory . The stars used
are listed below:
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E Q(Cape Humber)
2 4 , 5 , 16, 29 , 43 , 44
3 29, 35, 35 , 86 , 93
5 6 , 24 , 25, 27, 31 , 41
8 8 , 11, 26 , 29 , 34
9 1, 17, 20, 30, 40.
For Region E5 and th e  C en tau rus g a la x ie s ,  E8 and th e  Triangulum  
g a la x ie s  and E9 and th e  Grus g a la x ie s ,  th e  d is ta n c e  betw een 
s ta n d a rd  and programme f i e l d s  was l e s s  th a n  6 ° . For E2 and th e  
g a la x ie s  in  Dorado, th e  d is ta n c e  i s  10 -  12°. R egions E3 and E5 
were u sed  f o r  th e  f i e l d  g a la x ie s  betw een 7 and 14 h o u rs  in  R .A ., 
and c a re  was ta k en  to  keep th e  sec  z d i f f e r e n c e  betw een g a la x ie s  
and s ta n d a rd s  sm a ll.  S ince th e  o b s e rv a tio n s  were m o stly  r e s t r i c t e d  
to  abou t 4 h o u rs  hour an g le  and th e  maximum sec  z was r a r e l y  more 
th a n  1.4)  i t  was n o t found n e c e s s a ry  to  t r a n s f e r  s ta n d a rd s  to  th e  
g a lax y  f i e l d s .  The mean e x t in c t io n  v a lu e s  f o r  Mt. B ingar w ere: 
k  = 0 .2 0  sec  zv
k ^ _ v )  = (0 .0 8  -  0 .0 4 (b -v ) )  sec  z
k / , \ = 0 .2 8  sec  z .(u -b )
These were o b ta in e d  on s e v e ra l  n ig h ts  th ro u g h o u t th e  
o b se rv in g  p e r io d ,  w ith  th e  E R egion s t a r s  o b serv ed  a t  up to  5 -^ h ou rs  
hour a n g le .  The v a r i a t i o n  o f th e  e x t in c t io n  c o e f f i c i e n t  from n ig h t 
to  n ig h t  was u s u a l ly  s m a ll .  D e v ia tio n s  were e a s i l y  d e te c te d ,  as 
th e re  would be a s y s te m a tic  change w ith  sec  z o f  th e  m agnitude o f
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the standard stars reduced using- the mean values. When the deviations 
were greater than 0.05 mag for sec z varying only from 1.0 to 1.4, 
the extinction was computed for that night. This sometimes occurred 
during nights when the humidity was high in the winter season at 
Mt. Bingar. However, since the difference in sec z between galaxies 
and stars (measured before and after the galaxies) v/as never more 
than 0.2, and sec z mostly less than 1.4» small variations in the 
transparency could be accurately incorporated in the galaxy measures 
by interpolating between the measures of the standard stars. On the 
few nights when Johnson-Morgan stars were observed, extinction was 
computed for the night from their magnitudes, since their sec z 
values are rather large (1.5 to 2.0, even on the meridian) and 
the use of a mean extinction coefficient would probably have 
produced systematic errors.
Two nights in each observing season on each field were 
occupied in the measurement of the standards 3 or 4 times a night, 
often together with a selection of Johnson-Morgan standards in order 
to investigate the accuracy of the E Region magnitudes and colours. 
Such a programme ideally requires many observations on good nights, 
as there are few Johnson-Morgan standards in southern declinations. 
However, the V and B-V values in the E Regions were found to fit the 
Johnson-Morgan standards to better than ^0.02 mag, although the 
transfer to U-B was rather less accurate. This problem is discussed
below.
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The transfer relations were constructed using all the 
observations of the standard stars, reduced to a single night, or
mean of two or more nights. Since in addition to the two nights 
spent observing standards exclusively there were some 10 to 15 
other nights on which 2 or 3 of these stars ( of widely different 
colours) were observed up to 4 times, the Mt. Bingar natural 
magnitudes (u, b, v) are internally accurate to -0.002 mag (A.D.). 
The mean relations to the E Hegion U, B, V values for the different
cells are:
Cell a V-v i o • o (b-v) + const.
B-V = 1 .2 8 0 (b-v) + 2 .0 0 1
U-B s 1 .0 8 2 (u-b) - 1 .4 3 4
U-B = 1 .1 4 7 (u-b) - 1 .4 4 6
Cell b V-v s - 0 . 1 2 0 (b-v) + const
B-V e: 1 .2 7 3 (b-v) + 1 .7 0 3
U-B s 1 .0 1 6 (u-b) - 1 .7 3 5
U-B s 1 .1 8 2 (u-b) - 1 .9 5 4
Cell c V-v s -O.O5O (b-v) + const
B-V s 1 .3 3 9 (b-v) + 0 .9 3 2
U-B s 1 .0 4 8 (u-b) - 1 .8 3 5
(U-B > 0.2) 
(U-B< 0.0)
(U-B > 0.2) 
(U-B < 0.0)
(U-B >0.2)
The (U-B), (u-b) relation for Johnson-Morgan standards is
rather complex, as it consists of two straight lines for positive 
and negative U-B which do not meet near U-B = 0 .  The total scatter 
from U-B = 0.0 to +0.10 is about -0.05 magnitude. The few E Region 
stars which fall near U—B = 0.0 to +0.10 also scatter by this amount.
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The line for U-B< 0.2 can he determined only from the Johnson-Morgan 
stars, since few of the E Region stars are sufficiently blue.
For the galaxies, U-B is usually above 0.4» so that for 
normal galaxies the line from the E Region stars (giving greater 
v/eight to the values of U-B >0.2) may be used. However, for the 
later type spirals and Irr I types and for galaxies with nuclear 
emission lines and/or UV excess, the colour is often around zero or 
less. Values of U-B near 0.0 to +0.15 in Table 5 may have an error 
of -O.O5 mag. It was sometimes possible to decide to which line a 
particular u-b should be taken. In Figure 3 the ambiguity in U-B 
is between u-b values of 1.25 and 1.45 and in Figure 4 between 
1.75 and 1.90. Although the procedure probably does not reduce 
the errors, the U-B value was obtained from the line which was 
defined by the greatest number of standard stars near the u-b value 
for the galaxy.
It should be noted that for galaxies with negative or zero 
U-B, we have merely an indication of a "peculiar" nucleus, or of 
emission lines from the many H II regions in late-type spirals and 
Irr I systems. The colours of these galaxies show a fairly wide
■30
dispersion within each type (de Vaucouleurs ) and because of the 
varying strengths of the emission lines, the colours cannot be 
expected to provide a very accurate indication of the stellar 
population.
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3a. (U-B) , (u-b) Relations.
Two examples are shown of the (U-B), (u-h) relation.
Figure 3 is constructed using the following Johnson-Morgan stars:
i Pis, r\ Pis, r Cet, X Peg, HR875, £ Eri, tt’Ori, f^Ori,
-3°1123.
The cell employed was EMI Type 5659(a). Figure 4 is the transformation 
for the standards
i Can Maj, ^ Cnc, HR3314, T Hya, n Vir, Cin 1633, 61 Vir,
T Vir, 109 Vir,
with EMI Type 9524S(b). All these stars were measured on from one 
to five nights and from one to five times a night. The average 
number of individual measures of each star is seven. On both plots, 
the positions of several E Region stars are included, and it will 
be noted that these also show the scatter around U-B = 0.0.
This ambiguity of the colours of the A and F stars is 
not observed with the 1P21 cell and Johnson-Morgan filters on the 
50-inch telescope, which system is nominally the same as that of the 
above workers.
90A paper by J • Smak reporting observations using a 1P21 
and a Schott UG2 filter shows clearly a similar scatter about U-B = 0.0 
for the A and F stars, although in this case the line for the blue 
stars lies below that of the red stars.
The above results were suspected to have their cause in 
the different sensitivity gradients in the UV between the E H  cells
Figure 3. The graph for the transformation of Mt. Bingar
natural (u-b), using an EMI 5^59 cell, to the (U-B) 
colour of the Johnson-Morgan system.
Figure 4» The graph for the transformation
natural (u-b), using an EMI 95243 cell, to 
colour of the Johnson-Morgan system.
of Mt. Bingar 
the (U-B)
2.0
E.M.L 9524 S
■M. o E J . E 5 . E 8
1.5
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91and the 1P21. A similar effect has been noticed by Sandage 
using a tri-alkali photocathode, and he suspects the same cause.
It appeared feasible to attempt to calculate the effect by constructing 
graphs of the value
R = monochromatic intensity from star x cell sensitivity 
x filter transmission x atmospheric transmission 
against wavelength for two stars of spectral types approximately 
AOV and F5V. The stars chosen are<<Lyr (AOV, U-B ■ -0,01) and
TT^ Ori (F6V, U-B = 0*00), for which monochromatic magnitudes are
given by Codeyt~. The transmission curve of the C9863 filter is known, 
and the sensitivity curves for the 9524S and 1P21 cells are from the 
maker’s data. The atmospheric transmission is taken from Allen’s 
"Astrophysical Quantities". The two graphs for each star are 
shown in Figures 5 and 6.
If the relation between the standard and natural U-B
colours is linear, we expect the ratio
(fRdA) 9524b 
vJRdXj 1P21
to be constant for all stars. However, when the areas under the four 
curves were measured with a planimeter, it was found that for the 
AO star the value is O.747, and for the F6 star it is 0.697. This 
is a ratio of intensities of 1.072, representing a difference of 
-O.O75 mag. i.e. the AO star is 0.075 mag brighter on the natural 
system relative to the F6 star than it is on the standard system*
This is almost the total effect observed. Since the B filters also
Figure 5« The graphs of R (=monochromatic intensity of
*7? Ori (F6V) x cell sensitivity x filter transmission 
x atmospheric transmission) against wavelength for 1P21 
and Mül 9524-S cells.
Figure 6. The graphs of R against wavelength for the
star <YLyr and 1P21 and BMI 9524-S cellso
Note In both figures the R scale is normalised to a
maximum value of about 1.0 for the 1P21 cell
9524 S
xIO A
<  Lyr.
9524 S
xIO A
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in c lu d e  th e  re g io n  o f  th e  h ig h e r  Balmer l i n e s ,  i t  was n o t s u r p r i s in g  
to  d is c o v e r  t h a t  p a r t  o f th e  r e s id u a l  e f f e c t  was caused  by th e  B 
m agnitude m easu re s. The same method was em ployed, and in  t h i s  case  
th e  r a t i o  o f  i n t e n s i t i e s  o f th e  AO and F6 s t a r s  was 0.903? o r  th e  
AO s t a r  was 0 .019  m agn itudes f a i n t e r  th a n  th e  F6 s t a r  on th e  n a tu r a l  
system . Combining th e  two r e s u l t s ,  we o b ta in
A (u -b ) = -0 .0 7 5  -  0 .019 = -0 .0 9 4  mag
w hich i s  n u m e ric a lly  o n ly  0.011 mag l e s s  th a n  th e  e m p ir ic a l ly  
d e te rm in ed  v a lu e .
S ince  th e  s e n s i t i v i t i e s  o f th e  two c e l l s  a re  r a th e r  
u n c e r ta in  below  about 3500 A, t h i s  r e s u l t  must be on ly  an a p p ro x im a tio n . 
However, th e  q u a n t i ty  o f  in fo rm a tio n  ly in g  betw een 3500 and 4500 A 
i s  about n in e  tim es  t h a t  below  3500 A f o r  th e  95243 c e l l .  The 
v a lu e  f o r  th e  1P21 i s  about f o u r .  The e f f e c t  i s  th e r e f o r e  e x p la in e d  
to  a f a i r l y  h ig h  deg ree  o f  a c c u ra c y .
We may sum m arise: an a c c u ra te ly  l i n e a r  tr a n s fo rm a tio n  from
n a tu r a l  c o lo u rs  to  U-B e v id e n t ly  cannot be e x p ec ted  fo r  any o th e r  
system  th a n  th a t  em ploying th e  1P21 c e l l  and C9863 f i l t e r .  An 
a lum in ium -coated  r e f l e c t i n g  te le s c o p e  i s  a ls o  r e q u ir e d .  Complete 
agreem ent w ith  th e  Johnson-M organ system  m ight be d e s c r ib e d  as  
f o r tu i to u s  w ith  any o th e r  com bination  fo r  s t a r s  w ith  U-B in  th e  
re g io n  o f  0 .0 .
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4* 50-inch Observations«
The photoelectric equipment used on this telescope consists 
of an RCA 1P21 photomultiplier (refrigerated with dry ice), filters 
cut from the same glass blanks as those used at Mt. Bingar, an 
unmodified G.R. amplifier (ho. 815) and a Brown recorder. The 
calibration of the amplifier is shown below, and is taken from a 
comprehensive series of laboratory observations by Dr. D.J. Faulkner.
Fine 1Ov
arse (ohms)
3 1 300mv 100 30
10° 0.000 1.322 2.526 3.845 5.044 6.355
107 2.505 3.825 5.030 6.349 7.548 8 .859
10ö 5.004 6.325 7.529 8.848 10.047 11.359
10^ 7.487 8.809 10.013 11.332 - -
The cell is designated "d" in Table 5« The only aperture
iiused was of diameter 29*6 arc and is designated MIIa".
The field observed with this telescope was that in Grus, 
the comparison stars being from Region M9 (Q, = 1, 17j 20, 40). No 
significant scatter about the U-B, u-b curve was noticed around 
U-B = 0, although stars 1 and 17 lie above the straight line for 
U-B>0.2 in the Mt. Bingar observations. The relations are:
V-v = -O.O96 (b-v) + const.
B-V = 1.218 (b-v) + 1.668
U-B = O.99O (u-b) - 1.501
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5» "Total" Magnitudes.
The original purpose of this work was to obtain magnitudes
and colours for as many southern galaxies as possible, using a variety
of diaphragm sizes. This alone, however, possibly would not have
revealed any new data on galaxies in general, although of course it
would provide useful data on the particular objects included. It
was decided to attempt to obtain a "total" magnitude by constructing
empirical curves for each galaxy type which would relate the
magnitude to the various diaphragms used.
The main problem here is to find sufficient data on
magnitudes through different apertures and a uniform diameter system
28to which the apertures may be referred. The papers of Whitford , 
Stebbins and Whit f or d ^ ’^ ,  Pettit“"1 and de Vaucouleurs“  ^all give 
photoelectric measures of magnitudes of galaxies through different 
field apertures, often less than the diameter of the galaxy, but 
that of de Vaucouleurs is the only work that fulfils all the 
reojairements for comparison of northern galaxy magnitudes with those 
in the present investigation. There are three basic reasons why the 
data compiled by de Vaucouleurs was used*
1. The magnitudes are on the UBV system.
2. For many of the galaxies studied by de Vaucouleurs, there 
are magnitudes obtained through two or more apertures.
3» The apertures used are expressed as a fraction of the
diameter of the galaxy on the corrected Heidelberg system
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88(de Vaucouleurs ), to which system the diameters of the 
southern galaxies in his publication (Mem. No. 13) may be 
reduced.
It is well known that for normal galaxies it is possible
to find an expression for the luminosity distribution across the
image which is obeyed fairly accurately by different galaxies of
93the same type. Hubble found, for ellipticals:
m = m + 5  log (r/a + 1) c
r being measured along the radius and a is a constant. De Vaucouleurs 
gives an expression for spirals and lenticulars: 
log ß = -0.729 (oC- 1)
and for ellipticals:
log ^  = -3.33 (ee - 1)
where &== B/B^ and °(= r/re> re heing the "effective" values.
r is the radius of the galaxy which includes B , one half of the 0 Ö
total light.
Now a plot of magnitude against aperture for, for instance, 
several different elliptical ga.laxies, would merely give a series 
of curves of different slopes and positions. However, if we express 
the aperture, A, as a fraction of the major diameter, D, of the 
galaxy, then, assuming a uniform luminosity distribution, we should 
obtain a series of parallel curves, with, for any given A/D, a 
different magnitude depending on the total magnitude of the galaxy. 
These curves can obviously be made coincident by a suitable choice
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of zero-point of magnitude for each galaxy.
5a. Corrections to galaxy diameters.
Diameters, D, as measured on plates of the object, have
first to he corrected for tilt, as a galaxy seen edge-on will appear
to have a diameter larger than if it were face-on (because of the
superimposition of the outer, luminous parts of the galaxy, in the
88edge-on case). De Vaucouleurs has an expression for the correction: 
log D(0) = log D + 0.4 log d/D,
where D(0) is the diameter corrected to d/D = 1, and d the minor 
diameter of the object. From the small scatter in the curves 
constructed later, it appears that this formula represents fairly 
accurately the situation, at least for ellipticals and lenticulars.
In order to construct a curve of magnitude against A/D(o) 
several galaxies of each type were chosen, at high galactic latitudes. 
This restriction is necessary because galactic absorption has an 
appreciable effect on D.
First of all, galaxies with three or more measures of B
38and A/d (g ) were selected from de Vaucouleurs' list“1 and the present 
observations, and B plotted against A/D(o). These were:
E: NGC 4278, 4374, 4406, 4486;
SO: NGC 3998, 4643, 4874;
Spirals: NGC 3810, 4216, 4254, 4274, 4449, 4501, 4548, 4579,
4698, 4713, 7418, 7552, 7582, 7590, 7599, IC 5267.
These curves were then extrapolated, or interpolated, to the position
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A/d (o ) = 1, and the magnitude B. determined at this point. B may
be termed the "total" magnitude, although in fact, the curves still
magnitude is obviously somewhat brighter. If we now plot B-B^ 
against A/d (o ), we find that most points lie near a single curve 
for each of the three types and which for ellipticals and lenticulars 
have satisfactorily small scatter. Deviant galaxies will be discussed 
later. A mean curve was drawn through the points. Figures 7> 8 and 9 
show these curves, although they have been constructed using 
galaxies from lower latitudes also, after correction by the method 
described below. These curves will subsequently be referred to as 
the "integrated-luminosity" curves. The main advantage of such a 
graph is that the parameter B-B^ is independent of absorption in 
the Galaxy (although in the case of spirals, not of internal 
absorption); A is known accurately and D(o) is the only parameter 
which requires correction. The diameter correction for absorption 
in the Galaxy may now be determined.
that the apparent diameters of galaxies decrease as we approach the 
Milky Way. The absorption in B reduced to the pole of the Galaxy 
is taken as*
have a negative slope at A/d (g ) = 1, so that the asymptotic
A B  = -0.24 (cosec b - 1)
25 27after Holmberg , Sandage and others. They obtain a coefficient
Le UV. De Vaucouleurs 38of 0.25 - 0.26, but their m includes thepg
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d e r iv e s  a v a lu e  o f  0 .2 0  f o r  a b s o rp tio n  in  B, b u t s in c e  t h i s  i s  
th e  on ly  d e te rm in a tio n  in  t h i s  sy stem , we g iv e  more w eigh t to  th e  
o th e r  v a lu e s .  A lso , s in c e  i t  ap p ea rs  p o s s ib le  t h a t  th e  v a lu e  may 
be as h ig h  as O.46 mag (Shane, W irtanen  and S t e i n l i n ^ )  th e  main 
o b je c t  h e re  must be to  d e f in e  th e  v a lu e  o f th e  c o r r e c t io n  em ployed.
The re d d e n in g  c o r r e c t io n  f o r  B-V and U-B i s  ta k e n  a s :
A ( b-V) = A(U-B) = -0 .0 6  (co sec  b -  1) .
T h is  v a lu e  f o r  A(B-V) i s  ta k e n  from  Holmberg, who o b ta in s  0 .062  
f o r  A(m -  m ) .  A s l i g h t l y  sm a lle r  v a lu e  th a n  0 .062  w i l l  be
Jr © Jr *
more n e a r ly  c o r r e c t  f o r  A(B-V). The on ly  v a lu e  d e r iv e d  f o r  A(U-B)
0 c
from o b s e rv a tio n s  o f e x te rn a l  g a la x ie s  i s  th a t  o f de V auco u leu rs '5'"',
who o b ta in e d  A (U -B )/ A(B-V) ■ 1 .1 . S ince  t h i s  i s  s t a t e d  to  be
p o o rly  d e te rm in e d , we w i l l  c o n s id e r  A(U-B) « A (B -V ).
We know th a t  th e  a b s o rp tio n  in  th e  t o t a l  m agnitude i s  th e
same as t h a t  in  th e  p a ram e te r  "m agnitude p e r  u n i t  a r e a " ,  w hich
d e te rm in e s  th e  m easured  s iz e  o f  th e  g a la x y . We can th e r e f o r e  use
th e  same l a t i t u d e  c o r r e c t io n  f o r  a b s o rp tio n  in  b o th  c a s e s .  In
de V au co u leu rs1 d ia m e te r  sy stem , th e  m agnitude a t  th e  l im i t in g
iso p h o te  f o r  it g a la x ie s  i s  23»0 m ag/sec'“ and f o r  s p i r a l s  and l e n t i c u l a r s  
2
i t  i s  24*2 m a g /se c ‘ . We r e q u ir e  f o r  th e  p re s e n t  pu rpose  a d ia m e te r  
system  w ith  th e se  l i m i t i n g  is o p h o te s  f o r  g a la x ie s  a t  th e  g a l a c t i c  
p o le s .  G a lax ie s  a t  low er l a t i t u d e s  w i l l  have had t h e i r  d ia m e te rs  
m easured ou t to  an i n t r i n s i c a l l y  b r ig h t e r  l i m i t in g  is o p h o te .  I f  we 
c o n s tru c t  cu rv es  o f m a g /u n it a re a  a g a in s t  A/D(0) f o r  th e  d i f f e r e n t
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galaxy types, we can find the value of A/d (0)/A/D(0) ^ directly0
and thus obtain D(0) , corrected for absorption.o
The curve of B per unit area against A/D(0) is constructed 
using the curves of B-£^ against A/D(o). The steps are indicated in 
Table 3 for the SO galaxies. It was found that the integrated luminosity 
curve for the 30 galaxies could be approximated fairly accurately 
by a hyperbola in the region A/d (0) = 0.5 to 1.0. This is:
B-B1 = 0.227 (1/A/D(0)) - 0.227.
This equation v/as used in order to calculate the values of (B-B^)^ 
and (B-B^) in Table 3> as the rate of change of the slope is too 
small for an accurate determination directly from the curve.
TABLE 3»
Values of Magnitude B per unit area for SO galaxies.
A/D(o) (B- V i (b- V 2 X/A/B(0) m
0.43 - 0.52 . 2 4 6 . 2 1 0 .0536 3 . 1 8
O . 5 8  - 0 . 6 2 .164 .139 .0333 3 . 6 9
0 . 6 8  - 0 . 7 2 .107 . 0 8 8 . 0 2 2 9 4 . 1 0
O . 7 8  - 0 . 8 2 .064 . 0 5 0 .0153 4.54
0 . 8 8  - O . 9 2 .031 . 0 2 0 . 0 1 1 0 4 . 9 0
O . 9 8  - 1 . 0 2 . 0 0 5 t^-0
0
•1 . 0 0 8 1 5.30
The first column gives two values of A/D(0) 0.04 apart, 
at selected values of A/D(0).
The second and third columns give B-B^ at these points.
Figure 7*
Figure 8.
Note
The change of integrated magnitude (B-B^)
against A/D(o) for elliptical galaxies, o
NGC 205 and 4-627 are Blue dwarfs.
The change of integrated magnitude (B-B^) 
against A/D(0)c for lenticular galaxies«.
NGC 1553) 4696 and 4Ö74 are probably giants«.
= B measured through aperture A Tni,TVA‘J
B measured through aperture D(o) (thec
corrected diameter of the galaxy)«,
3.0i-
Figure 9* The change of integrated magnitude (B-B^) with 
A/d (o )c for spiral galaxies.
In general (the situation is more fully discussed in 
the text) the curves are defined hy the following objects» 
Upper curve - late type spirals;
Mean curve - early type spirals;
Lower curve - spirals of high inclination (small d/D)
The coordinates are defined opposite Figures 7 and. 8.
Figure 10. Curves showing the effect of galactic absorption 
on the ratio of the diameter of galaxies corrected to 
inclination 90° ( D(0) ) to the diameter corrected to 
inclination 90° and b ® 9°°> ( B(0)c )•
The graphs also represent the change of magnitude per 
unit area (taken as O.OOat A/d (o )c * 1.0) with A/d (0)c.
These parameters may be substituted as abscissa and ordinate 
respectively, with the same scales.
3.0r-
Gal.abs.
Spirals
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In the fourth column
.V = 10-°*4(B-B1)1 _ 10-0*4(B-B'j )2
which represents the luminosity in the annuli of' thickness 0,04 
relative to the total luminosity inside A/D(o) = 1.0. We divide 
X hy the mean value of A/D(0) for each annulus and obtain the mean 
surface luminosity in the annuli, again relative to the total 
luminosity.
In the fifth column, the luminosities are converted to 
magnitudes:
m = -2.5 log10 X/A/D(0).
For the plotting of Figure 10 the values in the last
column are subtracted from the magnitude (5»30) at A/D(o) = 1.0.
In fact, the coordinates in Figure 10 are:
galactic absorption (instead of B per unit area)
and D^O)/])^)^ (instead of A/d (0)). o
These coordinates are thus suitable for the use of the curves, 
rather than being descriptive of the method of their construction.
A similar process was carried through for the elliptical 
and spiral galaxies (middle curve) although in this case the values 
of B-B^ were taken directly from the integrated luminosity curves, 
as these curves were steep enough for sufficiently accurate values 
of(B-B^)^ and (B-B^)^ to be obtained. In spite of the different 
slopes of the integrated luminosity curves of the spirals and the 
lenticulars, the variation of magnitude per unit area lor the two
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g a lax y  ty p e s  was in d i s t in g u is h a b le ,  a t  l e a s t  in  th e  o u te r  r e g io n s .
T able 4 shows th e  p e rc e n ta g e  change o f d ia m ete r w ith  
g a l a c t i c  l a t i t u d e  f o r  th e  c o r r e c te d  H e id e lb e rg  system  o f d ia m e te r s ,  
and assum ing th e  law o f  a b s o rp tio n  to  be:
AB -  -0 .2 4  (co sec  b -  1 ) .
TABLE 4«
V a r ia t io n  o f  g a lax y  d ia m e te rs  w ith  g a l a c t i c  l a t i t u d e .
(1 -  D (0 )/D (0 )o ) x 100
b 4 ,») s,so(s&)
20 17 14
30 9 7
40 5 4
50 3 2
60 2 1
90 0 0
94These d a ta  may be compared w ith  th e  r e s u l t s  o f R eiz
and de V aucouleurs * . They o b ta in e d  v a lu e s  o f  35/^ to  50°/o betw een
l a t i t u d e s  20° and 7 0 ° . The p re s e n t  work in d ic a te s  a v a lu e  o f  abou t
15>o. Be V au co u leu rs , in  a p r iv a t e  com m unication, s t a t e s  t h a t  more
re c e n t c a lc u la t io n s  on a la rg e  q u a n t i ty  o f d a ta  in d ic a te  a s m a lle r
88change th an  th e  40 /b he d e r iv e d  e a r l i e r ^ u , from few er g a la x ie s .
As has a lre a d y  been  m en tioned , i t  has been  su g g e s te d  th a t  
th e  c o e f f i c i e n t  o f th e  c o seca n t b law o f a b s o rp tio n  in  th e  G alaxy i s  
n e a r  0 .4 6  mag, abou t tw ice  th e  v a lu e  used  h e re .  The sy s te m a tic
e r r o r  ca u s in g  t h i s  d i f f e r e n c e  i s  su sp e c te d  by Shane, W irtanen  and 
S t e i n l in  to  be t h a t  o f o b s e rv a t io n a l  s e le c t io n  o f  b r ig h t  g a la x ie s
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at low latitudes of below average absorption, in the photometric 
determinations of the effect. In principle, such an error should 
manifest itself in the B-B against A/D(0) curves, as galaxies at 
low latitudes will have a steeper curve than the high latitude objects. 
However, we would expect the same systematic error to operate, at 
least to some extent, in the present data, and also the magnitude 
of the difference is such as to change the diameter of a galaxy by 
only 5^ 0 at latitudes as low as 35 5 this effect would not be 
distinguishable from the observational errors.
Another possible cause of the apparent decrease of diameter 
of galaxies as we approach the Milky Way is the increase of sky 
brightness, which might be expected to raise the fog level of the 
photographic plate at low latitudes. This effect is difficult to 
estimate, but an investigation may be made as follows.
The mean brightness of the night sky is found to be in the 
region of 22.2 mag/sec : this is similar to that found by de
Vaucouleurs at Mt. Stromlo. The mean value found at Mt. Bingar 
throughout the year was 22.5 mag/sec , but this is a particularly 
favourable site as the nearest town, Griffith (population 10,000), 
is 16 miles away and has little street illumination.
The brightness of the unresolved starlight in the Milky
96Way has been discussed by van Houten , who compares the results of
97 98 99Elvey and Roach , Henyey and Greenstein' and Elsässer and Haug .
The value arrived at was equivalent to 12 stars of magnitude 10 (m )
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per square degree for b = 0 • The results of Henyey and Greenstein 
indicate that the brightness drops by at least a factor 2 at 
b = 20°, so that, although the actual figures are uncertain, we 
calculate that the change in night sky brightness due to the 
variation in galactic background light from latitudes 20° to 90° 
is less than 0.1 mag.
Now, since the diameter system is defined from measurements 
over the whole sky, we should consider this change together with other 
variations. Van Houten deduces that the values of Elve.y and Roach 
for the zodiacal light brightness are too large by a factor of 
about 2. In this case, it appears that if we do not photograph a 
galaxy in the region of the ecliptic near sunrise or sunset, the 
zodiacal light variation will be from about 25 to 75 10th magnitude 
stars per square degree. This is equivalent to 24«29 to 23»09 mag/sec , 
a variation of 1.20 mag.
The limiting magnitude of the galaxy isophotes in the 
corrected Heidelberg system is:
2for ellipticals, 23«0 mag/sec
2for spirals and lenticulars 24*2 mag/sec .
The errors are given as -0.2 mag for galaxies measured on four of 
the series of plate collections, or -0.4 mag for those measured only
once. The above figures indicate that a variation of only 0.1 mag 
in the sky background would be quite hidden in the zodiacal light 
variation and errors in the data. We conclude that the primary cause
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of the diameter variation of galaxies with galactic latitude is 
that of absorption,
6. Final Integrated Luminosity Curves.
We may now use more galaxies at lower latitudes in order 
to define the integrated luminosity curves with greater precision.
The additional galaxies are:
E: NGC 205, 1549, 4627, 5576;
SO: NGC 1543, 1553, 3115, 3516, 4696;
Spirals: NGC 1515, 1566, 3351, 3368, 4699, 5566, 5850.
The change in the curves was not noticeable, and no second 
determination of diameter correction was found necessary, although 
in fact the curves reproduced in Figure 10 were determined from the 
final integrated luminosity graphs in Figures 7, 8 and 9* We will 
now investigate the characteristics of these Figures more fully.
6a. Spiral Galaxies.
This graph (Figure 9) as might be expected from the wide 
divergence in appearance of spirals, shows a marked scatter about 
a mean curve. Altogether, data for 23 galaxies are plotted and 
that for 12 of the objects roughly delineates two more curves, one 
of steeper and one of shallower slope. In a general way, galaxies 
defining the three curves may be described as follows.
I . Mean Curve.
These galaxies show a normal intensity fall-off with radius;
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t h a t  i s ,  th e y  have a f a i r l y  b r ig h t  n u c le u s  and s p i r a l  arms which 
a re  b r ig h t  in  th e  c e n tre  and become p ro g re s s iv e ly  f a i n t e r  and more 
d i f f u s e  as  th e y  wind ou tw ard s . T h is  curve c o n ta in s  on ly  Sa, Sab and 
3b ( in c lu d in g  b a r re d )  g a la x ie s  from th e  d a ta  u sed  h e re .
I I .  Upper Curve.
Here we have a more un ifo rm  in t e n s i t y  d i s t r i b u t i o n ,  
t y p i f i e d  by NGC 4449 ( i r r . l )  in  V irg o , and 7418 (Scd) in  Grus 
( P la te  2 ) .  The c e n tre  r e g io n s ,  o r n u c le i  i f  one i s  p r e s e n t ,  a re  
n o t prom inent and th e  arms a re  o f  f a i r l y  un ifo rm  b r ig h tn e s s .  In  
t h i s  c a s e ,  we see  t h a t  as th e  diaphragm  a p e r tu re  i s  d e c re a se d , we 
p ro g re s s iv e ly  c u t o f f  a g r e a te r  p ro p o r tio n  o f  th e  l i g h t  o f th e  g a lax y  
th a n  f o r  e a r l i e r  s p i r a l s ,  where th e  h ig h e r  i n t e n s i t y  o f th e  n u c leu s  
m a in ta in s  a more le v e l  s lo p e  a t  a/D (0 ) c n e a r  1 .0 .  The g a la x ie s  
f a l l i n g  on t h i s  curve a re  o f ty p e s  3b, Sc and I r r . l .  The d if f e r e n c e  
betw een th e  S b 's  ly in g  on th e  mean curve sind th o se  on th e  s te e p e r  
curve i s  th a t  th e  fo rm er have la rg e  b r ig h t  n u c le i  ( l i k e  M31) and 
th e  l a t t e r  have sm all n u c l e i ,  o r  lo n g , b r ig h t  b a r s ,  l i k e  NGC 4548.
Also ly in g  on t h i s  cu rve a re  th e  edge-on  s p i r a l s  whose 
n u c le i  a re  sm all enough f o r  th e  o v e r ly in g  s p i r a l  arms a p p re c ia b ly  
to  reduce  th e  l i g h t  e m itte d  from th e  n u c le u s . An example o f t h i s  
ty p e  i s  NGC 7582, w hich i s  c l a s s i f i e d  Sab by de V au co u leu rs , b u t 
w hich has a v e ry  s m a ll ,  b r ig h t  n u c le u s  co m p le te ly  covered  by th e  
s p i r a l  arm s.
S ince  t h i s  g raph  i s  n o t w e ll d e f in e d  i t  w i l l  n o t be
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possible to obtain very accurate B^  magnitudes for the galaxies 
judged to lie on this curve, and measured through only one diaphragm.
III. Lower Curve.
Galaxies falling near this line are NGC 4216 (Sb),
4699 (Sb) and 5566 (Sab). The photographs of these objects 
reproduced in the Hubble Atlas show obvious abnormalities.
In NGC 4216 the large nucleus projects above the plane 
of the edge-on arms, which themselves are greatly reduced in 
intensity by internal absorption. Consequently, the nucleus 
dominates the brightness for fairly large apertures, and the curve 
begins to climb steeply only when the aperture starts to exclude 
part of the nucleus.
NGC 4699 has a bright nucleus and relatively faint 
extended arms, and the curve climbs steeply only when the aperture 
is smaller than the nucleus.
NGC 5566 also has a bright nucleus and faint arms, and
the curve is flat, but the inclusion of the measure of B at A/D(0)rt = 1.26
raises the value of B. such that the four points inside A/d (0) * 1
1 c
scatter across the graphs. It has been noticed several times that 
the value of B for A/D(0) 1.5 was often brighter by about 0.1 mag
than would be suggested by an extrapolation of the inner measurements. 
Since the majority of galaxies have been observed only with apertures 
less than their diameter, we have neglected these points in the 
construction of the graphs. The problem has been noted by de
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V aucou leu rs who p o in ts  ou t t h a t  on such a p lo t  th e  curve w i l l
be b e t t e r  d e f in e d  on th e  s te e p e r  p o r t io n ,  as  a c c id e n ta l  e r r o r s  o f
a few h u n d red th s  o f  a m agnitude in  each  o f th r e e  o r fo u r  m easures
a re  l e s s  n o t ic e a b le  in s id e  about A/D(0) = 0 .6  th a n  th e y  a re  ono
th e  f l a t t e r  p a r t  o f  th e  c u rv e .
IV . ik n p ir ic a l  Curve.
The mean curve f o r  th e  s p i r a l s  fo llo w s  r a th e r  c lo s e ly
th a t  o f  th e  e l l i p t i c a l s  (s e e  n e x t s e c t io n ) ,  b u t a g re e s  on ly  from
A /d( 0) = 0 .7  to  1 .0 ,  and a t  0 .1 8 . In  th e  in te rm e d ia te  re g io n  i t
i s  f l a t t e r  by up to  0 .0 6  mag. The r a t i o  o f d ia m e te rs  o f  48  s p i r a l s
common to  th e  c a ta lo g u e s  o f  Holmberg and de V aucouleurs i s
a / l ( 0 )  = 1.90> where a = Holm berg’ s m ajor d ia m e te r . U sing th e
fo rm ula  f o r  th e  e l l i p t i c a l s ,  we would exp ec t from th e  l a t t e r  r a t i o
th a t  H olm berg’ s m agn itudes would be 0 .2 5  mag b r ig h t e r  th a n  .
The v a lu e  from  20 s p i r a l s  f o r  w hich i s  a v a i la b le  i s  0 .3 5 “0 .1 4  (A .D .)
mag, in  good agreem ent as  H olm berg 's m c o n ta in s  a p ro p o r tio n  o f
PS
UV. For any p r a c t i c a l  d ia m e te r system  from la rg e  s c a le  pho to g rap h s 
o f  f a i r l y  lo n g  exposure  we ex p ec t th a t  th e  t o t a l  B m agnitudes w i l l  
be about 0 .3  mag b r ig h t e r  th a n  B^.
6b. E l l i p t i c a l  G a la x ie s .
The mean cu rve drawn in  F ig u re  7 f i t s  m ost o f  th e  g a la x ie s  
h e r e .  Two o b je c t s ,  HOC 20p and 4627 a re  b lu e  dw arfs and t h e i r  p o in ts  
f a l l  on a s te e p e r  cu rve  th a n  t h a t  o f  th e  o th e r  e l l i p t i c a l s .  T h is  
shows ag a in  th e  a l re a d y  known f a c t  th a t  th e  b lu e  dw arfs have a
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flatter radial intensity distribution than the normal ellipticals 
- i.e. the nuclei of the dwarfs are relatively faint.
I. Empirical Curve.
An equation found to fit the visually drawn curve to
within -0.02 mag was:
B-B1 = 0.832 ((A/D(0)cr ’''°3 - 1).
This was determined by first drawing the mean relation by eye, and
deriving the parameters by using a curve of the form
by = ax + c.
Now this equation predicts an asymptotic magnitude B-B^ at infinity
of -0.83 mag. This appears to be an unjustified extrapolation, but
if we assume the formula fits the observations to A/d (0) = 3.23>
which is the mean ratio of Holmberg's diameters to the D(0) of
de Vaucouleurs for 10 ellipticals common to their catalogues, then
we predict that Holmberg's magnitudes should be about 0.4-0 mag-
bright er than B^• For 8 of the galaxies for which B^  could be
determined, and which occur in both lists, the difference is
actually 0.50 -0.26 (A.D.) mag. This is as satisfactory an agreement
as could be expected in view of the errors and the fact that
Holmberg's m includes the UV. We expect that for any practical Pg
large scale diameter system for ellipticals the total B magnitude 
will be about 0.4- mag brighter than B^.
6c. Lenticular Galaxies.
Relatively few points were available for the plotting of
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t h i s  cu rve  and , o f  th e  8 g a la x ie s  u se d , 3 d e v ia te  a p p re c ia b ly  from 
th e  r e l a t i o n  d e f in e d  by th e  o th e r  5» They a re  NGC 1553 in  D orado,
NGC 4696 in  C en tau rus and NGC 4874 in  Coma. The l a s t  two a re  g ia n ts  
( i f  we a n t i c ip a te  th e  r e s u l t  o f th e  d is c u s s io n  on NGC 4898 in  
C hapter 5) and NGC 1553 has an a b s o lu te  m agnitude o f  -19*4» i f  we 
use  th e  d is ta n c e  d e te rm in ed  in  C hap ter 5$ v i s u a l ly ,  i t s  i n t e n s i t y  
d i s t r i b u t i o n  i s  more un ifo rm  th a n  norm al l e n t i c u l a r s  ( P la te s  1 and 5)* 
The d ia m e te r  o f  NGC 4874 i s  u n c e r ta in .  U nless th e  d ia m e te rs  o f  a l l  
th r e e  g a la x ie s  a re  c o n s id e ra b ly  in  e r r o r ,  i t  i s  d i f f i c u l t  to  e x p la in  
why th e  g ia n t  l e n t i c u l a r s  have s te e p e r  in te g r a te d  lu m in o s ity  cu rv es  
th a n  th e  norm al o b je c t s ,  w hereas in  th e  case  o f  th e  e l l i p t i c a l s ,  
i t  i s  th e  dw arfs w hich show t h i s  phenomenon. The mean cu rve i s  
c o n s id e ra b ly  f l a t t e r  th a n  th a t  o f th e  e l l i p t i c a l s ,  b u t i s  c lo s e  to  
th a t  o f th e  low er s p i r a l  p l o t .  T h is  i s  n o t u n ex p ec ted , as  a ty p i c a l  
30 has a v e ry  b r ig h t  n u c leu s  and su rro u n d in g  " p la te a u ” and f a i n t  
envelope w hich w i l l  show th e  same e f f e c t  in  th e  in te g r a te d  lu m in o s ity  
curve as a b r ig h t  n u c leu s  and f a i n t  s p i r a l  arm s.
The e m p ir ic a l  curve has a lre a d y  been  m entioned  in  c o n n e c tio n
w ith  th e  d is c u s s io n  on th e  d ia m e te r  c o r r e c t io n  f o r  g a l a c t i c  l a t i t u d e .
The on ly  two g a la x ie s  in  common in  th e  l i s t  o f  Holmberg and de
V aucouleurs p ro v id e  v a lu e s  o f  a /D (o) o f 2 .27 and 2.41« The d i f f e r e n c e s
in  th e  m agnitudes a re  B -  m_ = 0 .1 5 and 0.41 mag. At A/D(0) = 2.34>
* PS
B-B^ = -0 .1 3  mag. From th e  shape o f th e  in te g r a te d  lu m in o s ity  curve 
and th e  above m eagre d a ta ,  i t  ap p ea rs  p ro b ab le  t h a t  th e  p r a c t i c a l
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t o t a l  m agn itudes o f  l e n t i c u l a r s  a re  on ly  about 0 .2  mag b r ig h te r
th a n  B .•1
7• O b se rv a tio n a l R e s u l t s .
The o b s e rv a tio n a l  d a ta  f o r  th e  53 g a la x ie s  under in v e s t ig a t io n  
a re  p re s e n te d  in  T ab le 5 . T ab le  6 g iv e s  f u r th e r  d a ta  w hich have 
been  d e r iv e d  from th o se  in  T ab le  5 . The q u a n t i t i e s  in  th e  columns 
have a l l  been  defin ed ^  th e  v a lu e s  o f A and th e  c e l l  d e s ig n a t io n s  
a re  g iv en  a g a in :
A C e ll
I  =
i t
15.6 a -  EMI 5659
II
HH
28Ü8
I I
b -  EMI 9524S
I l a  = 29.6 c -  Lallem and
I I I  = 52*8 d -  RCA 1P21
IV = 1 0 5 '.* 6
I n  th e C en tau rus c l u s t e r , 5 o f th e  g a la x ie s
in c lu d e d  in  Mem. No. 13, b u t were i d e n t i f i e d  from th e  l i s t  o f  
14G regory , and a re  th e r e f o r e  g iv e n  t h e i r  Helwan B u l le t in  num bers, (H .B .) .
The B  ^ m agnitude was d e r iv e d  by th e  method w hich ap p ea red  
most a c c u ra te  f o r  th e  g a lax y  con ce rn ed . For th e  o b je c ts  f o r  w hich 
on ly  one diaphragm  m easure was o b ta in e d , th e  e x t r a p o la t io n  to  B^  was 
ta k en  from th e  a p p ro p r ia te  cu rve o f  F ig u re s  7 j 8 and 9* When tv/o 
o r  more m easures w ere a v a i l a b l e ,  th e  p o in ts  were f i t t e d  to  th e  cu rv es  
by p l o t t i n g  them on th in  g raph  p a p e r , su perim posing  t h i s  sh e e t on 
th e  main c u rv e s , and moving i t  i n  th e  B-B^ d i r e c t io n  on ly  u n t i l  th e  
p o in ts  f e l l  a s  n e a r  as p o s s ib le  to  th e  c u rv e . For th e  s p i r a l s  t h i s
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TABLE 5. OBSERVATIONAL DATA«
53 so u th e rn  g a la x ie s  o b served  w ith  th e  26- in c h  and 50“ in ch  te le s c o p e s .
m o Type ■ V B-V U-B C e ll A N D d/D
Dorado G a la x ie s .
1515 Sab 11.96 0 .97 0 .35 a I I I 3 4 .4 0.21
11.51 0 .85 0 .22 b IV 4
1533 SBO 11.62 0 .9 9 0 .48 a I I I 3 1.7 0 .9 3
11.12 0 .9 3 0 .6 3 b IV 3
1543 (r ) sbo 11.90 1.00 0 .4 3 : a I I 1 5 .7 0 . 60:
b I I 1
11.41 0 .99 0 .50 a I I I 4
10.94 0 .96 0 .50 b IV 3
1546 SAO 12.19 0 .9 4 0 .2 5 a I I I 2 1 .2 5 : 0 .3 5
11.72 0.87 0 .2 7 b IV 3
1549 BO-1 11.37 0 .93 0 .5 3 b I I 1 1 .8: O.98
10.82 0.97 0 .50 a I I I 4
10.31 0 .88 0 .50 b IV 3
1553 SAO 11.12 0 .9 9 0 .52 a I I 2 2.7 O.65
10.41 0 .97 0 .49 a I I I 3
9 .8 4 O .9O 0 .5 3 b IV 2
1559 SBcd 10.76 0 .4 5 - 0 .05 b IV 2 2 .55 0 .5 9
1566 SABbc 12.33 0 .7 2 -0 .1 0 : a I 2 7.1 0 .8 7
b I 1
11.85 0 .8 0 -O.O4 a I I 3
11.21 0 .7 4 0 .0 0 a I I I 3
10.40 O.87 0 .0 3 a IV 3
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Table 5 - continued:
NGC Type V B-V U-B Cell A N I) d/D
1574 SAO 1 1 . 0 0 0.93 0.45 a III 4 1 . 6 5 0.93
b III 1
1 0 . 5 7 0 . 7 8 0.34 b IV 3
1596 SA:0 11.63 0.94 0.39: a III 1 1.75 0.23
b III 1
1 1 . 2 8 0 . 9 2 0 .4 2 : b IV 3
1617 SB a 1 2 . 0 0 1 . 0 2 0.55: a II 2 3.0 0.53
11.17 0.99 O . 5 1 a III 4
10.73 0.93 0.45 b IV 2
Field Galaxies •
2442-3 SBb 12.49 1 . 0 6 0 . 2 8 b III 2 5.1 0 . 8 6
11.64 1 . 0 0 0.32 b IV 2
3 2 5 6 Pec 1 2 . 5 2 0 . 6 6 -0 .3 2 : b II 3 1 .2 : 0.73:
12.04 0.63 -O.1 5 : b III 3
3557 E4 1 1 . 3 6 1 . 1 0 0 . 6 6 b III 3 1.75: 0.63
10.97 O . 9 8 0 . 6 0 b IV 2
1 3 8 9 6 E1 1 2 . 2 1 1.03 0 . 9 1 b III 1. O . 8 5 0 . 9 1
Centaurus Galaxies.
4677 SO 1 3 . 1 0 1 . 0 5 O.4 8 : a III 4 0.75 0.30
4696 SO 12.04 1.07 0 . 6 1 a III 4 2.55 0 . 9 1
11.25 1 . 0 6 0.71 b IV 3
4706 SO 13.10 1.07 0.54: a III 3 1 . 1 0.37
4709 E1 1 2 . 3 8 1.15 O . 6 4 a III 4 0 . 9 O . 9 1
4744 SO 1 3 . 0 6 1.07 • • • # a III 3 0.95 0.37
UL& 3
so 13.19 1 . 1 1 0.63 a III 5 0 . 9 0.30
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Table 5 -  co n t in u ed :
NGC Type V B-V U-B C ell A N D a/D
HB 276 SO: 13.83 O.85 0 .5 5 : a I I I 3 0 .75 0 .30
HB 274 SO 13.77 1.12 O.46 : a I I I 5 0 .45 0 .44
HB 280 SO 13.20 1.01 0 . 65s a I I I 5 0 .5 : 0 .48
HB 288 EO 12.89 1.10 0 .4 8 : a I I I 5 0 .5 : 1.00
F ie l d G a la x ie s .
4976 F4 11.70 O.98 0 .47 b I I 3 3.25 0.51
11.14 1.00 0 .38 b I I I 3
10.66 0 .96 0 .3 6 b IV 3
6769 SABbp 12.45 0 .83 0 .28 b I I I 3 1.65 0 .6 4
6770 SBbp 12.74 0.97 0 .2 : b I I I 2 2 .0 0 .7 0
6771 SO 12.85 1.05 0 .3s b I I I 1 1.45* 0 .1 8
Telescopium  G a la x ie s .
6851 E4 12.28 0 .94 O.48 c I I I 1 0 .6 0 .6 3
6861 E5-6 11.58 1.06 0 .55 a I I I 4 1.25 0 .42
c I I I 1
6868 E2 11.58 1.03 0.61 a I I I 5 0 .9 0 .8 2
c I I I 1
6870 SAb 12.67 1.01 0 .6s a I I I 3 1.65 0 .3 6
6875 Ep 12.32 0.99 O.46 a I I I 4 0 .9 O.46
6878 SAb 13.66 0 .7 2 0 .2 4 a I I I 1 0 .9 0 .7 4
6893 SABO 12.14 1.06 0 .6s a I I I 2 0 .75 0 .5 4
c I I I 1
6909 E6 12.46 0 .90 0 .4s a I I I 4 O.85 0 .4 3
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T ab le  5 -  c o n tin u e d :
ngc Type V B-V U-B C e ll A N D d/D
6861-D SAG 12.80 1.01 0 .5 3 a I I I 3 2 .0 0 .2 7
Grus G a la x ie s .
7213 SAa 11.41 0 .90 0 .4 4 d I l a 1 1.55 1. 0 *
7410 SBO 13.12 O.96 O.56 d I l a 2 3 .6 0 .3 3
10.87 0 .93 O.52 b IV 3-
7412 SBb 11.81 O.58 0 .0 5 b IV 2 3 .2 0 .86
7418 SAB cd 13.94 0 .75 0 .1 0 d I l a 2 3 .2 O.69
11.77 0 .60 -O .O 5 b IV 2
c IV 2
7421 SBab 14.35 0 .8 3 0 .2 8 d I l a 1 1.65 0 .7 6
12.18 0 .70 0 .1 0 b IV 2
c IV 1
11459 E4 11.36 1.01 O.65 d I l a 3 2 .4 0 .7 5
10.47 0.97 0 .5 5 b IV 1
c IV 2
15267 SAO/a 12.13 O.98 0 .6 0 d I l a 2 4 .4 0 .7 0
11.60 0 .97 0 .5 5 b I I I 2
c I I I 1
11.02 0 .9 4 0 .4 4 b IV 2
c IV 1
7424 SABcd 12.09 0.61 0.01 b IV 1 3 .8 0 .7 9
c IV 1
15273 SABc 11.62 0 .43 0 .0 2 b IV 2 2.1 0 .88
7496 SABb 11.77 O.58 0 .0 0 b IV 3 2.7 0 .77
7531 SAbc 11.61 0 .76 0 .0 2 b IV 2 4 .9 0 .5 3
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Table 5 - Continued:
NGC t-3 CD V B-V U-B Cell A N D d/D
7552 SABab 12.00 0.73 0.09 b II 1 2.6 0.70
c II 1
II.96 0.70 0.02 d Ila 3
11.46 O.72 0.15 0 III 3
10.92 0.72 0.13 c IV 3
7582 SABab 12.62 0.90 0.28 d Ila 3 4.4 0.37
11.93 0.83 0.30 b III 1
c III 2
11.15 0.81 0.22 b IV 1
c IV 1
7590 SAbc 12.61 0.75 0.08 d Ila 2 2.25 C.37
11.95 0.70 0.04 b III 1
0 III 2
11.58 0.61 0.05 b IV 2
c IV 2
7599 SAc 13.59 0.70 0.09 d Ila 2 3.75 0.30
12.59* 0.68: -0.02* b III 1
c III 1
11.80 O.65 -0.01 b IV 1
c IV 1
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TABLüi 6,
Data for 53 southern galaxies derived from the information 
in Table 5 and the relations discussed in the text.
NGC D(0) D(0)o A/D(0)o
Dorado Galaxies.
1515 2.4 2.5 0.36
0.71
1533 1.65 1.75 0.49
1.00
1543 5.7 6.1 0.078
0.144
0.29
1546 0.8 0.9 1.02
2.06
1549 1.8: 1.9: 0.26:
0.47*
0.93:
1553 2.3 2.5 0.20
0.35
0.72
1559 2.1 2.2 0.81
1566 6.7 6.9 0.038
0.070
0.125
0.25
(B-V)0 (U-B)0 B1 (Bl)o
0.94 0.32 12.16 11.12
0.82 0.19
O.96 0.45 12.05 11.92
0.90 0.60
0.97 0.40: 11.38 11.16
O.96 0.47
0.93 0.47
0.91 0.22 13.13* 12.77
0.84 0.24
0.90 0.50 11.16 11.04
0.94 0.47
O.85 0.47
O.96 0.49 IO.58 10.40
0.94 0.46
O.87 0.50
0.42 -0.08 11.07 10.78
O.69 -0.13* 10.25 10.07
0.77 -O.O7
0.71 -0.03
O.84 0.00
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T able 6 -  c o n tin u ed :
NGC D(O) D(0)
'  '  0
A /D (0)o (B- v ) o (U -B)o Bi (B. )v V C
1574 1 . 6 1 .7 0 .5 1 0 . 9 0 0 . 4 2 1 1 .3 5 1 1 . 2 2
1 .0 2 0 . 7 5 0 .3 1
1596 1 .0 0 1 .0 5 O .8 4 0 . 9 1 0 . 3 6 1 2 .4 6 1 2 . 0 3
1 .6 7 0 . 8 9 0 . 3 9
1617 2 . 3 2 . 4 0 . 2 0 0 . 9 9 O .5 2 1 1 .5 9 1 1 . 0 0
0 . 3 7 0 . 9 6 0 . 4 8
0 . 7 5 0 . 9 0 0 . 4 2
F ie ld  G a lax ies •
2 4 * 2 - 3 4 . 8 5 . 5 : 0 . 1 3 0 . 9 6 0 . 1 8 1 1 . 8 6 : 1 1 . 3 5 :
0 . 3 3 0 . 9 0 0 . 2 2
3256 1 . 0 : 1 .3 « 0 . 3 6 0 . 4 3 - 0 . 5 5 1 2 . 4 2 : 1 1 . 5 1 :
0 . 6 6 0 . 4 0 -O o38
3557 1 . 4 5 : 1 . 7 : O .51 0 . 9 9 0 . 5 5 1 1 . 9 6 : 1 1 . 5 3 :
1 .0 2 0 . 8 7 0 . 4 9
1 3 8 9 6 0 . 8 0 1 .1 5 * 0 . 7 7 0 .8 1 O .6 9 1 3 . 1 2 : 1 2 . 2 6 :
C entaurus G a la x ie s ,
4 6 7 7 0 . 4 5 0 . 5 5 1 . 5 6 O .8 9 0 . 3 2 : 1 4 .2 0 1 3 . 3 0
4 6 9  6 2 . 5 3 .1 0 . 2 8 O .91 0 . 4 5 1 1 . 9 4 1 1 . 3 0
0 . 5 7 O .9 0 0 . 5 5
4 7 0 6 0 . 7 5 0 . 9 5 0 . 9 5 O .91 0 . 3 8 : 1 4 .1 6 1 3 . 3 0
4 7 0 9 O .8 5 1 .1 0 0 . 7 9 0 . 9 9 O .4 8 1 3 .4 2 1 2 . 7 9
4 7 4 4 O .6 5 0 .80 1.10 O .91 • • • • 1 4 . 1 4 13.28
HB 269 0 . 5 5 0 . 7 0 1.30 0 . 9 5 0 . 4 7 1 4 . 3 4 1 3 . 3 4
4-4, Z i
0 . 4 5 0 . 5 5 1 . 5 6 : O .6 9 0 . 3 9 : 1 4 .7 3 1 3 . 8 3
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Table 6 - continued.:
NGC D ( 0 ) ö 0
0
A / D ( 0 ) o ( B - V ) o (u—B)c B i (V c
HB 27 4 0 . 3 : 0 . 3 5 * 2 . 3 8 : 0 . 9 6 0 . 3 0 : 1 4 .9 9 1 4 . 1 8
HB 280 0 . 3 5 0 . 4 5 2 . 0 3 : 0 . 8 5 0 . 4 9 1 4 .3 1 1 3 . 5 3
HB 288 0 . 5 : O . 6 5 : 1 . 3 5 * 0 . 9 4 0 . 3 2 : 1 4 .1 1 1 3 . 4 8
Field Galaxies.>
4 9 7 6 2 . 5 3 . 9 0 . 1 2 0 . 7 7 0 . 2 6 1 1 . 2 4 1 0 . 1 4
0 . 2 3 0 . 7 9 0 . 1 7
0 . 4 5 0 . 7 5 0 . 1 5
6 7 6 9 1 . 4 1 . 5 5 * 0 . 5 7 0 . 7 6 0 . 2 1 1 2 . 9 4 * 1 2 . 4 3 *
6 7 7 0 1 .7 1 . 8 5 * 0 . 4 7 0 . 9 0 0 . 1 3 * 1 3 . 2 2 : 1 2 . 7 2 :
6771 0 . 7 5 * 0 . 8 : 1 . 0 0 O .9 8 0 . 2 3 1 3 .9 0 « 1 2 . 2 9 *
Telescopium Galaxies,
6851 0 . 5 0 . 5 5 1 . 6 0 O .8 9 0 . 4 4 1 3 . 4 2 1 3 . 2 4
6861 0 . 9 1 . 0 0 . 8 8 1 .0 1 0 . 5 1 1 2 . 5 8 1 2 . 4 0
686 8 O .8 5 0 . 9 0 O .9 8 O .9 8 0 . 5 7 1 2 . 6 0 1 2 . 4 2
6 8 7 0 1 .1 1 . 2 0 . 7 3 O .9 6 0 . 5 5 * 1 3 . 4 6 1 2 . 2 8
68 7 5 O .6 5 0 . 7 0 1 . 2 6 0 . 9 4 0 . 4 2 1 3 .4 1 1 3 . 2 3
6878 0 . 8 O .8 5 1 . 0 4 0 . 6 7 0 . 2 0 1 4 .4 1 1 4 . 0 6
6 8 9 3 0 . 6 O .6 5 1 . 3 5 1 . 0 2 0 . 5 5 * 1 3 . 3 3 1 3 . 0 4
69 0 9 0 . 6 0 . 6 5 1 . 3 5 0 . 8 6 0 . 4 * 1 3 . 4 9 1 3 .3 1
6 8 6 1 - D 1 . 2 1 . 3 0 . 6 8 O .9 6 0 . 4 9 1 2 . 3 8 1 1 . 9 2
Grus Galaxies.
7 2 1 3 1 . 4 5 1 . 4 5 0 . 3 4 0 . 9 0 0 . 4 4 1 1 . 5 6 1 1 . 5 6
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Table 6 -  co n t in u ed :
NGC D(0) D (0)o A /D (0)o
7410 2 .3 2 .3 0 .2 2
0 .77
7412 3 .0 3.0 0 .5 9
7418 2.75 2.75 0 .1 8
0 ,6 4
7421 1.50 1.50 0 .3 3
1.17
11459 2.15 2.15 0 .2 3
0 .8 2
15267 3 .8 3.8 0 .1 3
0 .2 3
O.46
7424 8 .7 00 • —3 0 .2 0
15273 2 .0 2.0 0 .88
7496 2.45 2.45 0 .7 2
7531 3.8 3.8 O.46
7552 2.25 2.25 0 .215
0 .2 2
0 .39
0 .78
7582 3 .0 3.0 0 .165
0 .29
0 .5 9
(B-V)o (U-B)o Bi <Vo
0 .9 6 0 .5 6 11.55: 11 .28:
0 .9 3 0 .5 2
0 .5 8 0 .05 12.07 11.94
0 .7 5 0 .1 0 11.90: 11.77:
0 .6 0 - 0 .0 5 :
0 .8 3 0 .28 12.95 12.78
0 .7 0 0 .1 0
1.01 0 .6 5 11.34 11.32
0.97 0 .5 5
O.98 0 .6 0 11.44 11.32
0 .97 0 .5 5
0 .9 4 0 .4 4
0.61 0.01 11.48: 11.39*
O.48 0 .0 2 12.02 11.94
O.58 0 .0 0 12.19 12.02
0 .7 6 0 .0 2 12.12 11.75
0 .7 3 0 .09 11.50 11.28
0 .7 0 0 .0 2
0 .7 2 0 .1 5
0 .7 2 0 .1 3
0 .9 0 0 .2 8 11.60 10.63
0 .8 3 0 .3 0
0.81 0 .2 2
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Table  6 -  co n t in u ed :
NGC D(O) m a A /D (0)o (B-V)o (U-B)c Bi (Vo
7590 1.5 1.5 0 .33 0 .75 0 .08 12.26 11.32
0.59 0 .7 0 0 .04
1.17 0.61 0 .05
7599 2 .3 2 .3 0 .215 0 .7 0 0 .09 12.26 11.32
0 .38 0 .6 8 : - 0 .0 2 :
0 .77 O.65 -0 .0 1
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process was often more complicated, as one of 3 graphs had to he 
used. In addition, the steep curve was often rotated in order to 
obtain a smooth fit of the points. This applied, for instance, to 
the late type spiral NGC 7418» the integrated luminosity curve of 
which is the steepest observed for a spiral. None of the galaxies 
in this programme falls on the lower spiral curve. When only one 
measure was available for a spiral, the curve to be used was judged 
from the photographic appearance of the object (see preceding section). 
A colon following a value of B or (B ) indicates that an error of 
up to about 0.3 mag may be expected.
The following clusters, or at least line-of-sight groups 
may be distinguished from the Tables 5 and 6:
NGC 1515 - 1617, in Dorado 
NGC 4883 - HB288, in Centaurus 
NGC 6851 - 6861-D, in Telescopium
NGC 6769, 6770, 6771, in Pavo 
NGC 7213 - 7599, in Grus.
These will be discussed later in separate sections. We will 
first investigate the errors and the colour-colour diagrams for 
different galaxy types.
7a. Errors.
The work involved the use of the 26-inch telescope near the 
limiting magnitude (V »14 mag) and a significant dependence of the 
average deviation (A.D.) from the mean value on magnitude was observed.
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The A.D. in v, b-v, and u-b was calculated for four magnitude 
ranges between 10 and 13 mag by using some 20 or 30 deviations from 
the mean, values for each galaxy and diaphragm. The A.D. was then 
plotted against the mean value of V, and a curve drawn through the 
points. Table 7 represents these results, and it is obvious that 
beyond about V = 12.5 mag (including the Centaurus cluster) the U-B 
colours in particular become rather unreliable, and errors of 0.1 mag 
must be expected in this parameter. However, below V = 12.5 > the 
accuracy is very satisfactory although the uncertainty near U-B = 0 , 
already discussed, still applies. Where the value of a colour in 
Tables 5 and 6 is followed by a colon, an error of up to 0.1 mag may 
be present.
TABLE 7»
Dependence of the average deviation on V.
V (A.D.) (A.D.), (A.D.) ,' 'v ' b-v v u-b
10 0.005 0.010 0.020
11 0.010 0.015 0.025
12 0.015 0.020 0.030
13 0.040 0.040 0.060
In the case of the Grus cluster, sufficient data were 
available for a comparison of the results of the EMI 95243 and the 
Lallemand cells, for the same aperture and the same galaxies. The 
A.D. for all three parameters is essentially the same as that between 
separate determinations of the same quantity on a single cell, and we
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conclude that no additional errors were incurred Toy using different 
cells.
For the 50-inch 1P21 data the accuracy was good, average
deviations being -0.019 in V, and -0.015 in both B-V and U-B. No
magnitude dependence was detected.
7b. The (U-B) , (B-V) relations, c o
Since many of the galaxies are in low galactic latitudes,
the colours are corrected for absorption to b = 90° as described in
Chapter 5» Figure 11 for E and 80 galaxies includes the mean relations 
38 39of de Vaucouleurs and of Hodge and Figure 12 that of de Vaucouleurs. 
The dashed curves of de Vaucouleurs refer to blue dwarf ellipticals and 
lenticulars and to the late type spirals and irregulars (Sd^ and Irr) 
in Figures 11 and 12 respectively. The thin lines connect points 
for different diaphragm sizes on the same galaxy, the direction of the 
arrow indicating increasing aperture. These plots obviously provide 
an opportunity for comparing the colour system with those of de 
Vaucouleurs and Hodge.
I. E and SO Galaxies.
For normal and giant E and SO galaxies, de Vaucouleurs 
observes that the B-V colours lie between about O.85 and 1.00, and 
in this range U-B varies from 0.40 to 0.60. Most of the objects plotted 
on this figure also lie in this region, but the majority appear to 
define a curve lying about 0.05 mag to the red of de Vaucouleurs* 
curve in B-V, and the main concentration lies 0.08 mag to the blue
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in U-B. Because of the uncertainty of the Centaurus U-B colours, and 
the fact that a large reddening correction of -0. 16 mag was applied to 
both colours, we have distinguished these objects by plotting them 
as o (E) and v (SO), but there appears to be no systematic difference 
in the positions of these points from those of the more accurately 
determined colours.
The mean line of Hodge agrees as well as can be expected 
from the scatter in both our diagrams with the observations in the 
present programme.
The globular cluster NGC 6752 was also observed and plotted 
for comparison. It lies in the same position in the figure as the 
globular cluster observed by de Vaucouleurs, NGC 2419»
There are several galaxies with peculiar colours in this 
diagram. HB 276 and 13896 both lie about 0.2 mag to the blue in 3-V 
of the mean line. Since no spectrum is available for either, we 
have no explanation for this deviation. NGC 1533 and 4696 (both SO 
types) become redder in U-B, in the larger diaphragms. This may be 
due to the dust absorption in the case of NGC 46965 although the 
main dust lane appears very close to the nucleus (Plate 6), on one 
74-inch plate there is a slight indication of there being a filamentary 
dust structure in the outer regions.
The position of the elliptical NGC 4976 on the colour-colour 
graph is uncertain because of its low latitude oi 12 . However, 
since its observed colours would place it near the main concentracion 
of points, and it is improbable that the reddening is very small, we
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conclude that it iß a blue dwarf* It is possible that it is the 
companion of the large spiral, NGC 4945* 34’ from it. These 
galaxies are discussed in Chapter 9.
The increase of B-V for NGC 1549 between diaphragms II 
and III is almost certainly not real. Only one measure is available
M
at 28.8, and as the colour change is only 0.04 mag it may be accounted 
for by errors. The spectrum appears normal. Apart from this galaxy 
and NGC 4 9 7 where the effect is also within the errors, there is 
no instance of the B-V colour increasing with aperture. This applies, 
also to the spirals, with the exception of NGC 1566 and possibly 
NGC 7552> both of which have emission nuclei.
II. Spiral Galaxies.
In the colour-colour diagram for the spirals, the agreement 
with the mean curve of de Vaucouleurs is good. The lower end of de 
Vaucouleurs' curve passes through 10 points for 5 Sa and 8b spirals 
and the upper part shows a similar scatter to that apparent from 
de Vaucouleurs' graph for Sc galaxies.
Three of the four spirals with known nuclear emission lines, 
NGC 1586, 7552 and 75^2, represented by 4, 3 and 3 points repectively, 
in general lie to the blue of the mean line in U-B, particularly the 
small diaphragm measures.
In NGC 1566, the emission lines are moderately strong but 
it is apparent that the large UV excess is not due to the weak [OIIJ 
3727 emission, but to a strong UV continuum (see Chapter 3)» The
Figure 11. (U-B) /(B-V)^ diagrams for E and SO galaxiesc o
(colours corrected to b = 90°)• The mean relations of 
Hodge and de Vaucouleurs are also plotted.
The thin lines connect points for the same galaxies 
measured through different apertures; the arrows indicate 
increasing aperture.
The Centaurus galaxies (because of the relatively
low weight of the (U-B) values) are plotted with the symbolsc
shown. NG-C 6752 is a blue globular cluster.
-0.2i—
C cn E
C«n SO
O 6752
“  de V. -----  Hodge
Figure 12. (U-B) /(B-V) diagrams for spiral galaxiesc c
(colours corrected to b = 90°)• The mean relations of 
de Vaucouleurs are also plotted.
The thin lines connect points for the same galaxies 
measured through different apertures; the arrows 
indicate increasing aperture.
-0.2r-
Spirals
S a - S b
Sbc -  Irr I
o Em. nuclei
de V.
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II II
colour change reversal of B-V between the 28.8 and 52*8 diaphragms 
may be real, although it could be accounted for by the sum of the 
maximum errors likely to occur. Since the nuclear U-B negative 
colour excess (about -O.7O mag) is so large, it is not surprising 
that the inclusion of the arms, in spite of the number of bright 
H II regions, causes a continuous reddening in this colour.
However, the B-V negative excess is only -0.26 mag, and with the
28.8 aperture including the outer parts of the nucleus (where we
11
probably have a normal, red, stellar population) and the 52.8 
aperture beginning to include H II regions, the B-V colour might be 
expected to become red and then blue. The largest diaphragm covers 
most of the inner parts of the arms, where the dust and older disc 
stars may cause the integrated light to become redder again.
In NGC 7552 the nuclear emission is not particularly strong, 
but the absorption spectrum is of an early type, which is the cause 
of the blue colour. Although a reversal of the U-B colour change is 
indicated between the two large diaphragms, this may be accounted for 
by the uncertainty in U-B at this value. NGC 7582 has very strong 
emission, and were the nucleus not heavily obscured by the overlying 
arms (Plate 3), we might expect the colour excesses to be comparable 
with those of NGC 1566. In spite of the inclination of the galaxy, 
and its blue nucleus, it appears that the integrated colours become 
bluer as the diaphragm size increases. This would not be expected from 
the composite print of Plate 3> although the main body oi the object
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does ap p ea r to  c o n ta in  many k n o ts  w hich a re  p o s s ib ly  H I I  r e g io n s ;  
how ever, th e y  a re  n o t s u f f i c i e n t l y  b lu e  to  show up as w h ite  a re a s  
on th e  com posite  p r i n t .
NGC 7496 ( P la te  2 ) ,  w hich on a s l i g h t l y  underexposed  spectrum  
( P la t e  9) shows o n ly  th e  em issio n  l i n e s  o f H£, Htf, and [Oli] 3727 > 
was m easured  th ro u g h  o n ly  one la rg e  d iaphragm , so th a t  th e  c o lo u r  o f 
th e  n u c le u s  i s  n o t a v a i l a b l e .  The p o s i t io n  o f th e  g a lax y  on th e  
c o lo u r -c o lo u r  d iag ram , and th e  f a c t  th a t  i t s  n e g a t iv e  r e s id u a l  i s  
n e a r ly  as  la rg e  in  B-V and in  U-B (b e in g  -0 .2 4  and -0 .2 8  r e s p e c t iv e ly )  
may be due to  th e  f a c t  t h a t  th e  e x c i t a t io n  in  th e  n u c leu s  i s  low 
( th e r e  i s  no { b ill}  r a d ia t io n )  and a ls o  to  th e  p re se n c e  o f th e  la rg e  
H I I  " s u p e ra s s o c ia t io n "  in  one arm.
NGC 2442-3> an Sb o b je c t  w ith  a sm all b r ig h t  n u c le u s , shows 
p e c u l ia r  c o lo u rs  f o r  i t s  ty p e , s in c e  a lth o u g h  th e  c o r r e c t io n  f o r  
g a l a c t i c  a b s o rp tio n  i s  u n c e r ta in  a t  i t s  l a t i t u d e  o f - 21° ,  i t s  
p o s i t i o n  on th e  c o lo u r -c o lo u r  p lo t  i s  l i k e l y  to  rem ain  some d is ta n c e  
from  th e  mean l i n e .  N u c lea r em issio n  i s  a g a in  su g g e s te d , a lth o u g h  a 
spectrum  i s  n o t a v a i l a b l e .
NGC 7213, an e a r ly  Sa ty p e ,  was m easured on ly  once th ro u g h  
th e  29I 6 diaphragm  on th e  50- in c h  te le s c o p e ,  b u t s in c e  i t  has f a i r l y  
s t ro n g  3727 e m is s io n , i t s  p o s i t io n  s l i g h t l y  above th e  norm al Sa s p i r a l s  
i s  n o t u n e x p ec ted .
NGC 3256 i s  a p e c u l ia r  system  w ith  s tro n g  em issio n  l i n e s  o f
PO
Hp, HV, H£ and 3727 (de V aucou leu rs ) in  i t s  n u c le u s .  I t  i s  in  a low
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latitude, but lies above the top left-hand corner of Figure 12.
The composite print of NGC 7590 and 7599 shows the same 
effect as their colours. With a print made from a 103a-0 plate and 
GG13 filter and also from a positive transparency from a 103a-D plate 
and 0Y4 filter, the "blue" regions are white and the "red" regions 
are dark. This does not necessarily apply to the nucleus of NGC 7590, 
as the high density of the nucleus on the blue plate allows practically 
no light to pass through to the print, even though the transparency 
is clear in this region. The fact that stands out on the lower print 
of Plate 3 is that NGC 7599 das no bright nucleus. The knots are 
probably H II regions, reddened by the superimposed outer regions.
All the other spirals appear to be normal objects, defining 
to within the accuracy of the measures, the same colour system as that 
of de Vaucouleurs, and showing similar radial colour variations. A 
more accurate comparison could be made from observations of 
northern and southern objects on one system, but in order to achieve 
high accuracy, it should be done from an observatory at least 20° 
or 30° north of Mount Stromlo or Mount Bingar.
8. B^  Magnitudes of Virgo cluster Members.
We intend to derive distances of the four clusters in 
this programme by a comparison of the magnitudes of the members with 
the magnitudes of similar members of the Virgo cluster. Table 8 
gives B^  magnitudes calculated from de Vaucouleurs' measures of
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B through one or more diaphragms by the same methods which have
been described for the southern galaxies. Table 9 presents values
of derived from a comparison of the and m magnitudes of all
galaxies common to the lists of de Vaucouleurs and Holmberg.
The magnitude system of Holmberg differs in two respects
from the UBV system; first, m includes unfiltered ultravioletPS
radiation, and second, the diameters within which the magnitude is
integrated are measured out to a fainter limiting magnitude than that
of the corrected Heidelberg system. Both these differences should
cause the value of m to be smaller than B..PS 1
When we plot a graph of B. - m against G, Holmber^'1 s■ Ps
integrated colour index, we obtain the following relation:
B . — m 1 pg O.52C + 0.08
±0.10 ±0.10
In this relation the bluer (late type spirals have a smaller B - mP^S
than the early spirals. Therefore, B^ is brighter for the former 
than for the latter types, for the same m • This is rather unexpected,pg
since there is a higher proportion of UV radiation in the later spirals 
and this would be expected to give a negative slope to this line.
It was suspected that the effect might be accounted for 
by a systematic change in the diameters between the two systems. If 
we plot the ratio a/D(0) (of Holmberg1s major diameter to de 
Vaucouleurs* diameter corrected for tilt, by means of which B^  is 
calculated), against C, we obtain the relation:
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a/D(0) = 1.95 C +0.67
-0.25 -0.15
This line excludes galaxy types Scd to Irr I which lie at a mean 
value of a/D(ü) = 2.31. The effect here is that the late types are 
larger relative to the early types in the h(o) value, so that 3  ^ will 
be relatively brighter for the former galaxies, as is observed above 
in the magnitude relation.
In order to check that the results given by the two graphs 
are compatible with each other, consider the two colours C = 0.9 and 
0.4. The ratio of the values of a/D(o) at these colours is 1.67, and 
the difference in B, - m is +0.26 mag. If D(o) were to be1 pg o \ /
increased by the factor I.67, the B magnitude would be about 0.16 mag 
brighter for the Sc types than for the Sa types (from the mean 
integrated luminosity curves of the spirals in Figure 9)* leaving 
0.10 mag to account for the difference in the UV contribution to m
Pg
between the two types. Thus the unexpected nature of the above 
relations can be explained in terms of the different intensity 
distributions in the types of the galaxies.
In Table 9 the values of m are reduced to B. by means ofpg 1 J
the relation:
B. = m + 0.^2 C + 0.08.1 pg
Since the average deviation of the points from this line is ~0.11 mag 
we may consider that the average deviation of B^  has this value.
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TABLE 8.
B^  magnitudes for Virgo cluster members.
38From photoelectric measurements.
NGC Type d/D (b ,)' r c
4168 d:E 12.77 0.95 12.77
4374 E1 10.93: 0.86 10.93:
4458 cLEO-1 13.38 0.8: 13.38
4472 g'E2 10.14 0.81 10.14
4478 E2 12.62 O.85 12.62
4486 gE0-1p 10.33 O.92 10.33
4486-B dEO 14.0: 1.00 14.0:
4435 SBO 12.02 0.67 11.97
4461 SBO 12.37 0.36 12.13
4476 dSAO 13.38: 0.57 13.3:
4212 SAbc 12.08 0.62 11.86
4254 SAc 10.56 O .8 7 10.52
4501 SAb 10.41 0.55 9.99
4569 SAB ab 10.57 O.46 9.89
4579 SABb 10.70 O.89 10.63
NGC
4564
4649
4371
4429
4189
4193
4294
4298
4299
4321
4411--
4411-.
4519
4535
4567
4568
4571
4606
4633
4639
4647
4654
4689
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TABLiü 9 »
B.J m agnitudes fo r  Virgo c lu s te r  members. 
From photograph ic  measurements of Holmberg.
Type Bi d/D (V o
E7 12.67 O.56 12.67
E2 10.38 0.92 10.38
SBO 12.13 0.62 12.06
3A0 11.39 0.61 11.31
SABcd 12.92 O.85 12.87
SABc 13.62 0.53 13.27
SB cd 12.71 0.49 12.43
SAc 11.31 O.85 11.24
SB dp 12.87 0.97 12.86
SABbc 10.46 O.91 10.43
Sc 13.82 1.00 13.82
Sc 13.25 1.00 13.25
SBd 12.46 0.7  6 12.38
SABc 10.70 0.90 10.67
SABbc 12.38 0.70 12.22
SABbc 12.13 O.52 11.76
SAcd 11.87 O.96 11.86
SB a 13.11 0.60 12.86
SBd 14.01 0.47 13.70
(SBc) 12.47 0.88 12.41
SABc 12.32 0.67 12.14
SABcd 11.36 0.70 11.26
SAbc 11.81 0.95 11.79
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9 *  The T i l t  C o rre c tio n  f o r  A b so rp tio n .
In  o rd e r  t h a t  we m ight have a l a r g e r  number o f com parisons 
betw een V irgo c l u s t e r  members and th e  members o f  th e  c l u s t e r s  in  th e  
p re s e n t  programme, i t  was c o n s id e re d  n e c e s s a ry  to  c o r r e c t  th e  
m agn itudes o f th e  l e n t i c u l a r s  and s p i r a l s  f o r  th e  e f f e c t  o f  in t e r n a l  
a b s o rp tio n  to  th e  in c l in a t io n  9 0 ° , o r to  d/D = 1 .0 .  The d a ta  
p re s e n te d  in  t h i s  t h e s i s  a re  n o t s u f f i c i e n t  f o r  an independen t 
d e te rm in a tio n  o f  t h i s  e f f e c t ,  and th e  r e s u l t s  o f  Holmberg and 
de V aucouleurs a re  u sed  in  c o n ju n c tio n .
g a la x ie s .  The d i f f i c u l t y  in  em ploying t h i s  d a ta  i s  ag a in  due to  th e  
in c lu s io n  o f  th e  UV in  th e  m agnitude and c o lo u r ,  b u t an im p o rtan t 
p a ram ete r w hich em erges from H olm berg 's  i n v e s t ig a t io n  i s  th e  change 
o f th e  v a lu e  o f  AA/Aid w ith  t i l t .  The v a lu e  g e n e r a l ly  assumed i s  4*0, 
b u t f o r  g a la x ie s  w hich a re  n e a r ly  ed g e-o n , th e  v a lu e  in c re a s e s  to  11 
o r m ore, p ro b a b ly  due to  th e  f a c t  t h a t  f o r  g a la x ie s  w ith  la rg e  n u c le i  
a t  l e a s t ,  r e l a t i v e l y  l i t t l e  re d d e n in g  i s  o b se rv ed  in  th e  n u c leu s  
i t s e l f  and th e  l i g h t  from th e  n u c le u s  i s  o f te n  a la rg e  f r a c t io n  o f 
th e  t o t a l  lu m in o s ity .  For a l l  s p i r a l s ,  we ta k e  th e  v a lu e s  o f AA/aE 
from Table 10, w hich a re  from H olm berg1s mean c u rv e .
TABLE 10.
d/D
A A /A lL: 11
0 .3 0 .4
9
0.5
7
0 .6
5
0.7  -  1.0 
4
Figure 13. Curves of the change of internal absorption 
in B (Ab)^ with diameter ratio, d/D.
d/D0.0 0.5 1.0
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The absorption in B-V has been calculated by de Vaucouleurs 
from his 3-colour data on galaxies. From his relation:
A(B-V)i = 0.4 X (1 - d/D)
and his table of values of for different galaxy types, together
with the values of AA/AE (S ( a b )^/a (B-V)^, the subscript i denoting
internal absorption), we construct the graphs of Figure 13» The
values of (B ) are included in Tables 8 and 9 for the Virgo i c
members, and in Table 6 for the southern galaxies. Correction 
to latitude $0° has also been applied. Galaxies in the region of 
the Virgo cluster suspected by Holmberg and de Vaucouleurs of being 
field galaxies are omitted from Tables 8 and 9»
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CHAPTER 5*
THE DISTANCES OF THe GALAXIES.
1. P h o to m e tric  D e te rm in a tio n s .
The p ro ced u re  fo llov /ed  in  th e  p h o to m e tric  d e te rm in a tio n  o f 
th e  d is ta n c e s  o f  th e  so u th e rn  g a la x ie s  in v o lv e s  th e  assum ption  o f 
s im i la r  a b s o lu te  m agnitudes o r  mean a b s o lu te  m agnitudes fo r  members 
o f  th e  groups in v e s t ig a te d  in  t h i s  t h e s i s ,  and f o r  members o f th e  
V irgo c l u s t e r .  T h is  c l u s t e r  was chosen  f o r  com parison f o r  th re e  
r e a s o n s .
1. I t  c o n ta in s  a la rg e  number o f  th e  th r e e  main ty p e s  o f 
g a la x ie s  -  e l l i p t i c a l s ,  l e n t i c u l a r s  and s p i r a l s .
2 . m agn itudes a re  a v a i la b le  f o r  many o f th e  members from
■) Q  O C
th e  d a ta  o f  de V au co u leu rs0  and Holmberg0 .
3. The d is ta n c e  o f th e  V irgo c l u s t e r  i s  p ro b ab ly  th e  most
a c c u ra te ly  known o f any c l u s t e r .  The d is ta n c e  modulus c o r re c te d  to
o u ts id e  th e  G alaxy , i s  ta k en  h e re  as 29*94 mag. T h is  i s  th e  v a lu e
25o b ta in e d  by Holmberg . The average d e v ia t io n  o f  h i s  d e te rm in a tio n  
i s  ^0 .1  mag.
61R e c e n tly , de V aucouleurs has su g g e s te d  th a t  s in c e  th e  
mean v e l o c i t i e s  o f  th e  e l l i p t i c a l s  and l e n t i c u l a r s  and o f th e  s p i r a l s  
app ea r to  d i f f e r  c o n s id e ra b ly  from each  o th e r ,  i t  i s  p o s s ib le  t h a t  th e  
s p i r a l s  l i e  b eh in d  th e  e l l i p t i c a l s .  The d is ta n c e s  g iv en  a re  12.5 and 
7*5 Mpc. r e s p e c t iv e ly .  The mean d is ta n c e  modulus from th e se  v a lu e s
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is the same as that of Holmberg.
The systematic magnitude effect on redshifts reported by 
H o l m b e r g ^ a t  least partly accounts for the velocity difference 
between the ellipticals and spirals. Since the redshift question 
is rather unsettled at present, we adopt as the mean modulus of the 
Virgo cluster 29*94 mag.
The distance of th$ southern galaxies will now be determined, 
(a) The Dorado Galaxies.
Galactic Absorption.
From the galaxies which have approximately normal colours, 
the mean deviation from the unreddened colours of de Vaucouleurs is 
+ 0 .0 3  mag. This is the value predicted for this latitude by the 
formula given at the beginning of Chapter 4» The absorption in B 
to the pole of the Galaxy is taken as + 0 .1 2  mag (4 x A(B-V)).
Distance.
The following are the methods by which the distance of the 
Dorado galaxies is derived.
I. NGC 1566, an SABbc spiral, is the brightest object in 
Dorado, with (B ) = 1 0 .0 7. The brightest spiral in Virgo is the
SABab object NGC 4569, for which (B ) = 9.89. If we assume that
these two objects have the same absolute magnitude, the distance 
modulus of the Dorado group becomes 3 0 .1 2 .  The brightest SABbc 
spiral in Virgo is NGC 4588 ( (B.) = 1 1 .76 mag): with the same
assumption, m-M for Dorado becomes 28.25» Neither of these objects
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re sem b le s  NGC 1566 v e ry  c lo s e ly ,  how ever, so we a s s ig n  o n e -h a lf
w eigh t to  each  o f  th e s e  d e te rm in a t io n s .
101 102I I .  S e r s ic  ’ has m easured  th e  mean v a lu e  o f m f o r  16Pg
o f  th e  H I I  re g io n s  in  NGC 1566 , and o b ta in s  18.0  mag. For th e se
v e ry  b lu e  o b je c ts  B -  m = 0 .2 0  mag, so th a t  f o r  th e  H I I  r e g io n s
PS
we ta k e  B = 18.2  mag, w hich when red u ced  to  o u ts id e  th e  Galaxy 
becomes 17.8 mag. We now compare t h i s  ap p a re n t m agnitude w ith  th e  
mean a b s o lu te  m agnitude o f th e  H I I  re g io n s  in  th e  Large M agellan ic  
C loud, m easured by B .J .  and P .F . B o k ^ “', w hich i s  Mg = - 1 0 .96 . T h is 
p ro v id e s  a v a lu e  o f m-M f o r  NGC 1566 o f 2 8 .8 . I f  we u se  S e r s i c 's  
v a lu e s  f o r  th e  a b s o lu te  m agn itudes o f  H I I  r e g io n s  in  Sbc g a l a x i e s ^ ^  
( - 12.3 m ag), th e  d is ta n c e  modulus becomes 30 . 1 .
The H I I  r e g io n s  in  t h i s  g a lax y  app ea r to  be la r g e r  th a n  
th o se  in  most s p i r a l s ,  and i t  i s  p ro b a b le  th a t  t h e i r  a b so lu te  
m agnitude i s  c o n s id e ra b ly  b r i g h t e r  th a n  -1 2 .3 «  The mean m agnitude 
o f  th e se  two d e te rm in a tio n s  i s  p ro b a b ly  n e a re r  th e  t r u e  v a lu e , and 
we g iv e  o n e -h a lf  w eigh t to  each  v a lu e .
I I I .  The mean m agnitude o f  th e  4 Dorado s p i r a l s  i s  10.74» They
range  over 1.05 mag. I f  v/e compare t h i s  v a lu e  w ith  th e  mean m agnitude 
o f  th e  V irgo s p i r a l s  in  th e  b r i g h t e s t  f i r s t  m agnitude (10 .36  m ag), we 
o b ta in  (m-M).0 = 3 0 .3 2 .
IV . We now compare th e  SO g a la x ie s  in  Dorado and V irgo .
O m ittin g  NGC 1546 and NGC 4476 (p ro b a b ly  b o th  dw arf l e n t i c u l a r s )  th e
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mean (B .)  ^ o f 5 l e n t i c u l a r s  in  Dorado i s  11.34 and o f 4 in  V irgo i s
I c
11 .87 . (m-M)^o^ i s  th u s  29*41 »
V. NGC 1559 i s  th e  on ly  la t e - ty p e  s p i r a l  m easured f o r  t h i s  
programme in  D orado. I f  we compare i t s  m agnitude w ith  4 Scd and 
Sd^ system s in  V irg o , (m-M) ^  Becomes 2 8 .6 1 . O n e -h a lf  w eigh t i s  
acco rded  to  t h i s  v a lu e ,  s in c e  on ly  one o b je c t  in  Dorado i s  u sed .
TABLE 11.
D is ta n c e s  de te rm in ed  f o r  th e  Dorado group .
G alax ies Compared w ith : m-M Weight
1966 45^9 in  V irgo 30.12 0*5
1566 4568 in  V irgo 28.25 0*5
1566 M f o r  H I I  r e g io n s  
( S e r s i c , 101’ 102)
30.1 0*5
1566 M f o r  H I I  r e g io n s  
(Bok and B o k ^ -')
28 .8 0*5
A ll s p i r a l s b r ig h t e s t  1 s t .  mag. 
in  V irgo
30.32 1 .0
L e n t ic u la r s l e n t i c u l a r s  in  V irgo 29*41 1.0
1559 S c d 's  and Sd ' s  inm 28.61 0*5
V irgo
The w e ig h ted  mean o f a l l  th e se  d e te rm in a tio n s  (w hich a re  
c o l le c te d  in  T ab le  11) i s  m-M = 29*48 -  O.65 (A .D .) , w hich c o rre sp o n d s  
to  a d is ta n c e  o f  7 .9  -  2*5 Mpc. T h is  i s  in  s a t i s f a c t o r y  agreem ent 
w ith  th e  v a lu e  o f  S e r s i c ^ '  o f 6 .7  - 1 * 5  Mpc, o b ta in e d  from 
p h o to g rap h ic  p h o tom etry  o f a dozen g a la x ie s  in  D orado.
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(b) The Centaurus Galaxies«
Galactic Absorption,
Since these galaxies lie at a galactic latitude of +22°,
the galactic absorption predicted by the formula would probably not
be very accurate. The mean deviation of the U-B and B-V colours from
the mean values of de Vaucouleurs is +0.163 mag. De Vaucouleurs1 mean
colours refer to a velocity of approximately 1000 km/sec, and as the
mean velocity of three galaxies in Centaurus is about 3600 km/sec part
27of this excess (+0.017 mag, from Humason, Mayall and Sandage ) is 
due to the redshift. The remaining +0.15 mag is that caused by 
galactic obscuration, and we take the absorption in B to be 
4 x 0.15 = 0.60 mag. To this we must add Sandage's redshift correction, 
for the 2b00 km/sec difference, of 0.03 mag, so that the total 
correction to be applied to B is -0.63 mag. (B ) for the Centaurus 
galaxies has therefore been calculated firstly, by correcting the 
diameter for 0.63 mag aDsorption and redshift effects; secondly, by 
applying -0.63 mag to B^; and thirdly, by correcting for internal 
absorption. The value thus refers to a velocity of 1000 km/sec, 
galactic latitude = -5O0, and d/D = 1.0.
Distance.
There are only 4 Virgo SO galaxies with available B^
magnitudes, (if we again omit NGC 4476 since we will not have included
any dwarfs in Centaurus). Their mean (B ) = 11.87» This is to bei c
compared with the value 13-53 for 7 SO galaxies in Centaurus, (excluding
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the giant, or non-member, NGC 4696). The distance modulus of the 
Centaurus cluster is thus 29*94 + 13*53 - 11*87 = 31*60, and the 
distance 20#9 Mpc.
This appears to be the only method of determining the 
distance from the photometric data.
me 4696.
Since this object is some 2 magnitudes brighter than the 
other members of the cluster, we should investigate the possibility 
of its being a non-member. The radial velocity data are 
inconclusive, but there is some evidence that it is a giant galaxy.
106A radio source was reported by Mills, Slee and Hill in
a position 7' arc from NGC 4696, and the coincidence with the cluster
107noted. Basinski, Bok and Gottlieb photographed the region with
the 74-inch telescope on Mt. Stromlo, but the probable error of the
source position did not permit an identification with any one of
the members of the cluster. When a 74-iftcH- plate was obtained with
good seeing, a complex dust structure was observed (Plate 6) and
the author requested Br. D.S. Mathewson, of the CSIRO Division of
Radiophysics, Sydney, to reobserve the Mills source with the 210 ft
1 n f tparaboloid at Parkes, N.3.W. . The new position of the source, and
that of the galaxy, are given here:
R.A. Mb*o) Dec.
12h. 46?1 -41° 02*
12h. 46?1 -41° 031
NGC 4696 
Source
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The ra d io  p o s i t io n  was d e te rm in ed  a t  14f?0 M c/s, when th e  
beam width a t  h a lf-p o w e r p o in ts  i s  14 ' a r c .  The p ro b ab le  e r r o r  o f 
th e  so u rce  p o s i t io n  i s  s t a t e d  as -  1 1. O b se rv a tio n s  were a ls o  o b ta in e d  
a t  408 M c/s, and th e  f lu x  d e n s i ty  a t  th e se  f re q u e n c e s , to g e th e r  w ith  
t h a t  a t  85.5  Mc/s by M ills  i s  g iv e n  in  T able 12.
TABLE 12.
The f lu x  d e n s i ty  o f  NGC 4696 a t  3 ra.dio f r e q u e n c ie s .
Frequency
(M c/s)
1410 
408 
65.5
Flux  D en sity  
(x  10 2owm 2 ( c / s )  ^ )
5
12
45
The f lu x  d e n s ity  s p e c t r a l  in d ex  i s  - 0 .8 .
S ince  th e  t o t a l  m agnitude o f th e  g a lax y  i s  about 1 0 .8 , 
and th e  r a d io  m agn itude, m^ a t  1 .9  m e tre s  i s  8 .0 ,  th e " ra d io  index"
-  B = - 2 .8 ,  I t  i s  th u s  a f a i r l y  weak so u rc e , though c o n s id e ra b ly  
s t r o n g e r  th a n  th e  "norm al" s p i r a l s  f o r  w hich m  ^ -  B = 1 . 3 s .
Many o f th e  i d e n t i f i e d  r a d io  so u rces  ap p ea r to  be g ia n t  
g a la x ie s ^ 0" .  I f  NGC 4696 l i e s  a t  th e  same d is ta n c e  as  th e  o th e r  
g a la x ie s  in  t h i s  r e g io n ,  i t s  a b s o lu te  m agnitude i s  - 2 0 .8 ,  and i t  
w ould be a f a i r l y  b r ig h t  g ia n t  l e n t i c u l a r ,  abou t 0 .2  mag b r ig h t e r  
th a n  th e  V irgo g ia n t  e l l i p t i c a l s  NGC 4472 and 4486 (V irgo A ). We 
co n c lu d e  th a t  i t  does l i e  in  th e  C en tau rus c l u s t e r ,  s in c e  th e  a b s o lu te  
m agnitude i s  u n l ik e ly  to  be much b r ig h t e r  th a n  t h i s  (a s  th e  assum ption
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of a greater distance would require). The velocity is 717 km/sec 
less than that of NGC 4706, and the velocity of NGC 4709 is 9&9 km/sec 
greater than that of NGC 4706. The latter galaxies almost certainly 
lie in the cluster, so we have only weak evidence in favour of a 
smaller distance for NGC 4696.
(c) The Telescopium Galaxies.
Galactic Absorption.
The U-B colours of this group show a large scatter about 
the mean colours, and they could not be used for a determination of 
the colour excess at this latitude (-35°)• rfbe scatter in the B-V 
colour excess is also rather large, but the mean excess is +0.04 mag, 
which is close to that predicted by the formula (+0.05 mag). The 
latter value will be used in view of the uncertainty in the mean 
deviation from the mean colours. The absorption in B from the 
formula is +0.18 mag.
Distance.
We have only two highly uncertain methods of determining 
the distance of this group photometrically; from the mean magnitudes 
of the 5 ellipticals and of the 2 SO types. The only guide we have 
to the reliability of the determination is that we know we have chosen 
the brightest objects in the region, and since the range in magnitude 
is small, we suppose that we have not included any giants or dwarfs. 
The difference between the mean magnitude of the 5 Telescopium 
ellipticals and the 8 Virgo ellipticals (neglecting NGC 44Ö6-B, since
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it is exceptionally faint) in Tables 8 and 9 i£ 1.27 mag. 4 Virgo 
and 2 Telescopium SO galaxies give a mean difference of +0*61 mag. If 
we give twice the weight to the determination from the ellipticals 
because more objects were used, the distance modulus of the 
Telescopium group is 1.05 mag greater than that of the Virgo cluster, 
and is thus 30.99 mag. This corresponds to a distance of 15*8 Mpc.
The internal average deviation is -0.29 mag which causes an 
uncertainty of -2.1 Mpc.
(d) The Grus Galaxies.
Galactic Absorption.
This group is at a galactic latitude of about 66°, and as 
most of the galaxies are either emission nuclei objects or are 
tilted to the line of sight, it is not possible accurately to determine 
the colour' excess from the galaxies themselves. The absorption in 
U-B and B-V from the formula is only +0.005 mag, and in B it is +0.02 mag, 
which is the value we shall adopt.
Distance.
All the spirals in the Grus group except for ISfGC 7421 fall 
in the brightest 1.5 mag. We will therefore assume that the galaxies 
in Grus are comparable only with those in the brightest 1.5 niag in 
Virgo (see Chapter 1). The following are the methods by which the 
distance of the Grus group is determined.
I. The mean of the magnitudes of spirals in the first 
1.5 magnitudes in Virgo is 10.58 mag. In Grus, the mean magnitudes oi
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the spirals excluding NGC 7421 is 11.53 mag. The distance modulus
frrov p
of the Grus eluet-or then becomes 29*94 + 11.53 - 10.58 = 30.89.
II. The brightest objects in each cluster are NGC 75^2
( (B.) = 10.63) and NGC 45^9 ( (B.) = 9•Ö9)* Both of these are
I G I O
nearly edge-on systems and we might expect some error to be 
introduced by the large absorption corrections.However, both are 
Sab types, and if we assume that they have the same absolute 
magnitude, the distance modulus of the Grus cluster is 30.68.
III. From a comparison of the 5dh and 10th brightest spirals 
in both clusters we obtain distance moduli of 30.83 and 30.84 
respectively.
The mean of these determinations is 30*31, the internal 
error being rather small, at - 0.07 mag. This is probably not a 
true expression of the errors which may occur in such a determination. 
The uncertainty in the determination of absolute magnitudes of 
spirals, even when most careful consideration is paid to the 
comparison of structural types, is at least -O.5 mag (van den BerghJ 
Since we have 4 determinations, we will assume an error of -0.3 mag. 
The distance then becomes 14*5 -2.0 Mpc.
(e) The elliptical galaxy NGC 4976.
This galaxy is 341 from the large edge-on spiral 1TGC 4945# 
and is at the low galactic latitude of +12°. Be Vaucouleurs has 
obtained a distance of the latter object, his value of the modulus of 
29«0 assuming a galactic absorption in this region of 1.1 mag. It is
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interesting to investigate the possibility that NGC 4976 may be a 
satellite of 4945»
In spite of the low latitude of these galaxies, the colour 
of the elliptical is nearly normal in B-V and 0.19 mag bluer than 
normal ellipticals in U-B. There are three assumptions we may make 
in order to derive a distance modulus:
1. NGC 4976 is a dwarf elliptical resembling the galaxies 
NGC 205 and 4627.
2. It is a dwarf resembling the dwarfs in Virgo.
3. It is a more or less normal elliptical with an excess of 
ultraviolet radiation, viewed through an exceptionally clear "window" 
in the Milky Way.
The conclusions from these assumptions will be briefly discussed.
from a comparison of the colours of NGC 4976 and of NGC 205
and 4627, we derive a value of the absorption in B of 1.2 mag, corrected
to outside the Galaxy. Applying this correction, and also -O.5 mag
(= B - m for ellipticals) we obtain the corrected value of -| P£>
m = 9*6 for NGC 4976. The absolute magnitudes of NGC 205 and 4627P & ■3 Q
are -I5.9 and —15*4 respectively'''. If we assume an absolute magnitude 
of -15.6 for NGC 4976, the distance modulus is 25*2 mag.
38We now use the formula given by de Vaucouleurs for the 
relation between colour excess and absolute magnitude of the Virgo 
dwarf ellipticals, applying an absorption correction of 1.1 mag (from
the cosec b formula). This gives an absolute magnitude for NGC 4976
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of —16.1• The distance modulus is then 25*0#
Therefore, if the galaxy is a blue dwarf, its distance 
modulus must be near 25*5 > and the distance 1.3 Mpc.
If it is a normal elliptical of absolute magnitude -19*0, 
its distance modulus is 29*8, assuming zero absorption. This value, 
in view of the patchiness of absorption at these latitudes, and the 
uncertainty of the magnitudes of solitary ellipticals, admits the 
possibility of its being a satellite of NGC 4945*
Two more points should be considered. The velocity 
Vq = 1142 km/sec suggests a distance near that of the Virgo cluster, 
((m-M)= 29*9) 1 anci- ib.e integrated luminosity curve, instead of being 
steeper than the normal ellipticals (as we might expect if it were a 
dwarf like NGC 205 and 4b27), is, if anything, slightly flatter. Both 
these points argue for its being near NGC 4945* However, the galaxy 
is obviously blue in U-B at least, and we favour the modulus of 25»5 mag. 
When the velocity of NGC 4945 is available, we may be able to resolve 
this question.
(f) The Pavo group (NGC 6769* 6770« 8771)»
The spirals NGC 6769» and 6770 are of type 3b. Since we
have no idea whether they are intrinsically bright or faint, we
compare their (B.) magnitudes, corrected for galactic absorption I c
by the cosec b formula, with that of the mean of all spirals from 
Sa to Sc in Virgo. The mean difference is +O.89 mag, and the distance 
modulus 30.83 mag. The lenticular NGC 6771 is 0.14 mag fainter than
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the mean of the lenticulars in Virgo, giving a modulus of 30.08.
The average deviation of all three values is ^0.33 mag, which is 
probably an optimistic value for the uncertainty. If we give twice 
the weight to the first determination, and assume an error of I0.5 mag, 
the modulus is 30.58 mag, and the distance 13•0 - 4 t  Mpc.
2. Distances determined from the velocities.
It is interesting to compare the results of the distance 
determinations from the photometric and from the velocity data.
There are two methods of employing the velocities for this purpose.
We may assume a value of the Hubble constant, or we may use the 
dynamical model of de Vaucouleurs for the "Local Supercluster" of 
galaxies.
8 3De Vaucouleurs , from a study of the distribution, radial
velocities and magnitudes of galaxies of magnitudes 8 to 13, has
postulated the existence of a Local Supercluster of galaxies, the
nucleus of which lies in the Virgo cluster, and which has approximately
the same dimensions as the large clusters catalogued by Zwicky, 
hAHertzog and Wild . The system is flattened, with a ratio of axes 
of 1:5 and to the accuracy at present accomplished, the velocities and 
distances of the galaxies in the system are related to the Super- 
galactic longitudes, L. The Supergalactic equator is on a great 
circle inclined at 85° to the galactic equator. Obviously, the 
absorption in the Milky Way would tend to produce a concentration of 
galaxies along this equator5 nevertheless, magnitude and velocity
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data suggest that for galaxies within about 1 0 - 2 0  Mpc of the 
Galaxy, the Hubble law is not obeyed, yet this information may be 
fitted to an expanding and rotating model of a large cluster, of 
which the Local Group is only a small part. Since there is a far 
greater concentration of the bright galaxies in the northern galactic 
hemisphere than there is in the southern galactic hemisphere, it is 
apparent that the galaxies in the Local Group must be outlying 
members of this system.
De Vaucouleurs has published curves of L against velocity 
for several distances from R/R-j * 0.25 to 2.0, where R1 ■ 9,7 Mpc 
( the distance of the Virgo cluster). In Table 13* we give the 
distances computed from this model, comparing them with the 
determinations from the photometry, and from the velocities with 
the assumption of a Hubble constant of 100 km/sec/Mpc (Sandage ).
TABLE 13.
Distances :In Mpc fromi
Group L Vo Photometry (L,V0,R/R.,) VH
Dorado 236 1014 7.9 ± 2-5 8.7 10.1
Centaurus 156 3377 20.9 ± 3 221 33.8
Telescopium 221 2909 15.8 + 3 18 29.1
Grus 250 1588 14.5 i 2 9.7 15.9
NGC 4976 165 1142 1.3 (?) 9.7 (?) 11.4
With the exception of the Grus group, and possibly NGC
4976, the distance of which is uncertain, the mean velocities and
photometric distances fit the dynamical model fairly well. We believe
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it is improbable that the Grus galaxies are as close as the model 
predicts. If we assume that the galaxies participate in the general 
expansion of the universe, then we see that there is a poor 
agreement with the photometrically determined distances for the 
distant groups, although for the Dorado and Grus objects the 
differences are within the errors. We should note that the galaxies 
in Dorado are at a Supergalactic latitude of -40°, and that when we 
project the velocity on to the Supergalactic plane, the distance 
using de Vaucouleurs' model becomes 6.5 Mpc, close to the photometric 
determination of Sersic (6.7 Mpc). These galaxies are in a cluster 
suggested by de Vaucouleurs to belong to an external system. We can 
neither confirm nor refute this view on the present evidence. The 
Telescopium group may also be in a system outside the Supergalaxy, 
according to de Vaucouleurs, but although they are distant, the data 
fit the dynamical model very well.
It appears that the galaxies in Centaurus and Telescopium 
are outlying members of the Supergalaxy. It is possible, but we 
think unlikely, that they belong to the general field beyond this 
system. The velocities are about 1300 km/sec higher than the value 
predicted from the photometric distances and a Hubble constant of 
100 km/sec/Mpc. In fact, the data for these galaxies may be interpreted 
as providing further evidence for the existence of a large cluster of 
which the Local Group of galaxies is a small part.
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CHAPTER 6.
CONCLUSIONS ANN RLCOMHMATIONS.
The technique of photoelectric UBV photometry has so far 
been applied to only a small proportion of the galaxies within reach 
of moderate-sized telescopes. For galaxies with diameters measured 
on a standard system, such as the corrected Heidelberg system used 
in our research, total magnitudes may be obtained by means of the 
methods described in Chapter 4> the accuracy being comparable to or 
greater than that obtainable by integrating isophotes from photographs.
A primary requirement for the application of such a method is that 
we determine the magnitude within an aperture close to that of the 
diameter of the galaxy, or that we have two or three measures out to 
at least two-thirds of the diameter. The employment of the formulae 
or the curves given in Chapter 4 for ellipticals, spirals and lenticulars 
will yield total magnitudes to an accuracy of -0.1 to 0.2 mag, 
provided the above procedure is followed. At least two diaphragm 
measures are required for galaxies showing peculiar radial intensity 
distributions if this accuracy is to be attained.
The three-colour system evidently distinguished fairly well 
between the various types of galaxies. However, a red and an infrared 
magnitude would provide more relevant information for an investigation 
of the populations of stars of late spectral type; at such wavelengths, 
the blue stars contribute relatively little light. Magnitudes obtained
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using narrow 'band filters, whilst resolving differences between more 
precisely defined regions of the spectrum, are restricted to galaxies 
some two or three magnitudes brighter than those which may be measured 
on the UBV system with the same telescope. Consequently, in order to 
derive the magnitudes of several hundred galaxies, we shall require 
large instruments. The UBV magnitudes, together with a red and an 
infrared magnitude, applied to galaxies and including measures, of, 
first, only the nucleus, and then also the outer regions, can 
provide valuable information. Such parameters as magnitude, colour, 
internal absorption in various parts of the larger systems and the 
stellar population in different regions of each type of galaxy may 
be determined with some precision.
The analysis of galaxy counts has indicated that the 
absorption at the poles of the Galaxy may be considerably in excess 
of 0.24 mag. Many more colours and magnitudes of ellipticals and 
lenticulars in particular (since their colours vary least from 
galaxy to galaxy) are required in galactic latitudes from -10 to 
-40° and in all longitudes. A velocity should also be obtained for 
faint galaxies or clusters of galaxies, as the redshift will affect 
the results. Strictly, an iterative procedure will be required for 
the determination of the law of absorption from the colours and 
magnitudes of galaxies. In addition to the variation of these 
parameters with absorption, there is also a somewhat weaker dependence
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on diameter, since the measured diameters decrease with increasing 
absorption. However, provided we use ellipticals and lenticulars, 
for which the radial colour variation is small in the outer regions, 
we need only a preliminary value of the absorption. The diameters 
are then corrected by the curves in Figure 10 (Chapter 4) and the 
extrapolation to total integrated colours and magnitudes may be made 
to a high degree of accuracy.
The spectra of extragalactic systems obtained at dispersions 
greater than about 200 A/mm usually provide more precise data on the 
stars contributing to the light than does the method of three colour 
wide-band photometry. However, only the nuclei of any but the brighter 
galaxies are recorded at such a dispersion, the faint outer parts 
generally requiring very long exposures at low dispersions.
Photometry employing narrow band-pass interference filters may give 
as much information as that obtained from short dispersion spectra, 
although care must be taken to avoid the regions of the spectrum where 
strong emission lines are likely to occur.
A programme that should be undertaken in the near future is 
that of the determination of radial velocities for more members of 
clusters and groups. In most cases, the virial theorem has been 
applied to clusters of galaxies for which the velocities of a 
relatively small proportion of members have been obtained. The 
stability of some of the southern groups should be investigated, and 
since the data will be obtained on different instruments from those
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used for the northern galaxies, we might expect that any systematic 
errors present will he different both in magnitude and in character. 
Therefore, it will be of interest to find out if the expansion time 
scales of these clusters are similar to those found for northern 
clusters; or, from the alternative interpretation of the application 
of the virial theorem, if the mass of intergalactic matter derived 
for the southern clusters is similar to that in the northern clusters. 
The preliminary result for the Grus group of spirals indicates that 
this is probably the case.
For such a programme we require fairly accurate distances 
of the clusters, and for a determination of this parameter much work 
remains to be done on the photometry of the objects. The data 
presented in this thesis are for about 20h of the Shapley-Ames 
galaxies south of Declination - 35° • For a full investigation of 
even the nearest clusters, we should include galaxies at least one 
magnitude fainter than the limit of this catalogue (13th magnitude).
Velocities and distances for the nearer galaxies may also 
be used to check that the data are compatible with the theory that 
they belong to a large cluster, similar in dimensions to those 
catalogued by Zwicky, Hertzog and Wild. The distances and radial 
velocities of the galaxies in Centaurus and Telescopium appear to 
substantiate this hypothesis.
The work reported in the thesis, and that of de Vaucouleurs, 
Sersic and Jtvans published in recent years, is beginning to reduce
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th e  d if f e r e n c e  betw een th e  numbers o f  o b s e rv a tio n s  o f  g a la x ie s  in  th e  
n o r th e rn  and s o u th e rn  h em ispheres -  a d i f f e r e n c e  w hich has become 
c o n t in u a l ly  g r e a t e r  s in c e  S i r  John  H ersch e l su rv ey ed  th e  so u th e rn  
s k ie s  w ith  th e  same d e t a i l  as  he had th e  n o r th e rn  s k ie s .  I t  i s  
e v id e n t,  how ever, t h a t  i f  th e  o b s e rv a tio n s  in  th e  so u th  a re  to  be 
ex tended  to  o b je c ts  a t  th e  d is ta n c e s  re a c h e d  by th e  100, 120 and 
200 -in ch  te le s c o p e s  in  C a l i f o r n ia ,  th e r e  i s  a need  f o r  a la rg e  
te le s c o p e  in  th e  so u th e rn  h em isp h ere . P ro b ab ly  many o f  th e  ra d io  
so u rces  b e in g  d isc o v e re d  by th e  2 1 0 -fo o t r a d io  te le s c o p e  a t  P a rk e s , 
A u s t r a l i a ,  w i l l  rem ain  u n id e n t i f i e d  u n t i l  we have an o p t i c a l  te le s c o p e  
w ith  which to  ta k e  la rg e  s c a le  p h o to g ra p h s , w here th e  s t r u c tu r e  o f 
f a i n t  g a la x ie s  may be o b se rv ed , and th ro u g h  w hich we may o b ta in  
s p e c tr a  o f th e se  o b je c ts .  Many ra d io  so u rc e s  a l re a d y  d isc o v e re d  show 
em issio n  l i n e s  and an i d e n t i f i c a t i o n  f r e q u e n t ly  depends on th e  
c h a ra c te r  o f  th e  spectrum , p a r t i c u l a r l y  when th e  so u rce  l i e s  in  a 
c l u s t e r  o f g a la x ie s .
There i s  s t i l l  much p h o to m e tric  work to  be done by 
o b s e rv a to r ie s  w ith  r e l a t i v e l y  sm all t e le s c o p e s ,  and th e  7 4 -in c h  
Mt. S trom lo and P r e to r i a  p a ra b o lo id s  equ ipped  w ith  f a s t  sp e c tro g ra p h s  
a re  q u ite  la rg e  enough f o r  o b ta in in g  s p e c tr a  o f g a la x ie s  to  th e  14fh 
o r 15t h  m agn itude . However, we s h a l l  e v e n tu a l ly  r e q u i r e  o b se rv a tio n s  
o f  o b je c ts  a t  d is ta n c e s  where th e  r e c e s s io n  v e l o c i t i e s  a re  g r e a te r  
th a n  about o n e - th i r d  o f th e  v e l o c i ty  o f l i g h t ,  w here in  p r in c ip le  i t  
i s  p o s s ib le  to  d is t in g u is h  betw een d i f f e r e n t  m odels o f  th e  u n iv e rs e
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from the magnitude-redshift relation. This programme could not 
he accomplished with 74-inch instruments, and it is to he hoped 
that the project at present under discussion for placing a 
150-inch telescope in the southern hemisphere reaches fruition.
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